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Introduction 

Tbxtub materials like raw cotton and wool, which are not uniformly and 
quickly wetted under normal circumstances, can be thoroughly wetted by 
the action of wetting agents which thus play a prominent part in processes 
like dyeing, finishing and kier-boihng in the textile industry Hundreds of 
wetting agents are now on the market and several new wetting agents are 
being discovered day to day The evaluation of a wetting agent has therefore 
become a matter of considerable practical importance 

Several methods* are available for the determination of efficiency of wetting 
agents in industrial practice These methods however are semi-quantitative 
in character and only serve as a rough guide in textile practice. Theoretically, 
the determination of spreading coefficient of the wetting agent solution on 
the grey yam should give a precise idea of the wetting power But the 
measurement of this quantity is beset with many difficulties since the system 
involves solids Complications due to roughness of the surface* and nre- 
producible kinetic effects and friction effects at the meniscus, render difficult 
to get at an accurate determination of the contact angles in such systems. 
For the evaluation of wetting agents, Cupples* worked out a method based 
on the fundamental similarity between the mineral oil surface and the hydro¬ 
phobic portion oil the inner surface of the grey yarn. His experimental 
procedure however is not satisfactory since he has measured surface tension 
by the ring method without taking necessary precautions/ Rao and Doss* 
have adopted the free lens technique of Langmuir for the purpose. The 
lat ter method is very cumbersome Rao and Doss have however shown 
that the surface tension lowering runs parallel to the wetting power In the 
present work this fact has been taken advantage of for comparing j£e 
efficiencies of some of the common wetting agents (pure and commercial) 
and for studying the effect of salts on the wetting efficiency. The surface 

• Put of theaii lubffilttsd by T K. in partial fuHUmont of the require twnli for UM dlinn 
Cf MHWr of Soteoc* in the Univtrtity of Mytor*. 
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tension lowering of five-minute-old surface* has been determined by the ring 
method taking adequate precautions. A few measurements have also been 
made by the maximum bubble pressure method with a view to investigate 
the suitability of the method for the evaluation of wetting agents. 

Expbiumbntal 

The ring method .—The work was mainly on Nelcal BX. Its purification 
has been described previously*. The other wetting agents used were 
oommercial products and were used without purification. 

For determining surface tension the ring method was employed. 
Temperature control was not aimed at, for, very precise measurements were 
not necessity since the aim of the work was only to classify the order of 
efficiency of the wetting agents. The solution under investigation was kept 
in a platinum dish. One advantage in using the dish was that the surface- 
active impurities in it could be completely removed by heating the dish to 
red heat before each experiment. In all the measurements the maximum 
pull for the five-minute-old surface was taken since it was not very 
’convenient to measure the maximum pull more quickly. In every case the 
average of at least three values was taken as the representative value. 

The maximum bubble pressure technique .—The technique introduced by 
•J®ger was modified and used in this laboratory^ for the study of variation 
of surface tension of wetting agent solutions with time. This modified form 
of apparatus was employed in the present work. Air was pumped to the 
dropping tip through a constant head blow off, a drying tower, a buffer bottle 
and a capillary. The air was dried to prevent the condensation of the water 
vapour in the capillary tube and consequent blocking of the passage. The 
buffer bottle was used to check the pulsations in air. The dropping tip 
drawn out of a soft glass tube was washed with chromic acid mixture and 
distilled water. It was vertically fixed to the stand and could be moved up 
and down by means of a screw arrangement. The vertically was tested by 
viewing the tip and its reflection at a mercury surface The tips used required 
a pressure of about 15 and 13 cm. of xylene to force a bubble through water. 
The solution whose surface tension was to be measured was allowed to attain 
a temperature of 30° + 0 1°C, immersing the bottle containing the 
solution, in a water thermostat up to its neck and allowing it to remain there 
at l eg** half an hour before the reading was taken. The bottle was then 
taken, opened and brought underneath the tip. The tip was then lowered 
slowly so that it just touched the surface of the liquid. A small length of 
the tip was then made to immerse under the solution by placing the container 
pn a glass plate of known and uniform thickness. The pressure was adjusted 
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at the constant head blow off so that every bubble came out at an interval 
of five seconds. The maximum pressure was read out on the xylene mano¬ 
meter, employing a reading lens, The pressure, corrected for the height of 
the tip below the liquid, was proportional to the surface tension of the solution. 
Since the correction factor was pracUcally equal to unity for a capillary of 
the size employed.* The correction to be applied for the pressure, shown by 
xylene manometer, for temperature fluctuations, was negligible and was 
always less than 0-1 per cent The apparatus was standardised by taking 
measurements both for water and toluene The results are noted in Table I, 
the surface tension of water being calculated on the basis of the standard 
value of the surface tension of toluene. 


Table I 



Preparation of the solutions —The stock solution was prepared by adding 
a calculated weight of the substance, and was stored in well cleaned jena 
bottles. Less concentrated solutions were obtained by progressive dilution 
on volume basis. The surface tension was measured soon after the solution 
was prepared. The solutions of commercial wetting agents were all pre¬ 
pared in 0-01 N acetate buffer of pH 3 7, so as to avoid the influence of 
varying pH on welting efficiency Measurements were made with purified 
Nekal BX solutions with and without salts. The results obtained by the 
ring method are given in Tables II and III. The results obtained by the 
maximum bubble pressure method are given in Tables IV and V, 


Table II 

Surface tension of wetting agent solutions by the ring method 

Age oi the surface - S'. pit 3 t i Temperature S3 ±t° C 
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Table 111 

Surface tension of purified Nekal BX solutions in water, acid and 
sail solutions Ring method 



Table IV 


Table V 


Surface tension of five-secondf -old 
surface of Nekal BX solutions 
in 0 01 N hydrochloric acid by 
maximum bubble pressure method 
at 30° C- 


Surface tension of five-seconds'-old 
surface of commercial welting agents 
of 1 0 per cent solutions in water 
by maximum bubble pressure 
method at 30° C 


con"cemra*on 
of Nekal BX 




Tip, 



Surface tendon In dyne* 
Name of the per cm. 

wetting agent 

Tip, Tip, 


31-80 

ss-so 

88-30 


0-MHO 
0-0100 
0 0080 
0 00*5 


Discussion 

1. 1Relative efficiencies of some of the common wetting agents.—A study 
of the variation of wetting efficiency of commercial Nekal BX solution with 
concentration by the apparent density method^’ has revealed that solution* 
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having concentrations higher than 0 2 per cent, have a high wetting power, 
while the wetting efficiency falls off quickly at lower concentrations. 0 2 
per cent, solution of commercial Nekal BX m water was found to have a 
surface tension of about 36 9 dynes per cm. (vide Table III). It may there* 
fore be assumed that the surface tension of any good wetting solution should 
be of the order of 37 dynes per cm. or less. Judged from this standard 
Diazopon A and Silvatol I are not sufficiently good wetting agents even at a 
concentration of 0 4 per cent. It may be pointed out in this connection that 
the former product is used mainly as an emulsifier and the latter is used as a 
detergent; thus, good detergent and emulsifying properties are not neces¬ 
sarily associated with good wetting action Turkey red oil also has a low 
wetting efficiency in acid medium. Triethanolamine has no wettmg pro¬ 
perties at all in acid medium. Gardmol C A., Ultrawon WX, Igepon T and 
Surf ax are found to be very good wetting agents and indeed they are much 
better than Nekal BX. Igepon T is particularly good in that considerable 
wetting property persists even at low concentrations. These conclusions 
refer to media having a pH of 3 ■ 7 

2. Effect of salts .—The influence of salts on the five-minute values 
of surface tension is interesting. An examination of Table III shows that 
barium chloride is much more effective than sodium chlonde in reducing 
the surface tension This may be due to the Ba^ ions attaching themselves 
to the mono-layer reducing the electrical charge and consequently lowering 
the electrical potential barrier Hydrochloric acid itself is more effective 
than sodium chloride This can be correlated with the higher absorbability 
of hydrogen ions.* It is of interest to note that by the addition of sodium 
hexametaphosphate to the Nekal BX solution containing barium chloride, 
the influence of latter is largely annulled This is evidently due to the removal 
of Ba++ ions by the hexametaphosphate (Caigon) with the formation of 
soluble complex. Salts considerably increase the efficiency of wettmg 
agents, though a salt by itself has no wetting power. In fact, the commercial 
.sample (which contains sodium sulphate) has a higher efficiency than the 
pure sample itself at equivalent concentrations As has been already pointed 
out, divalent cations are much more effective than univalent ions in increasing 
the wetting power This fact is of special interest from the point of view of 
commercial practice. It is usual in the textile industry to soften the water 
before use But our results show that a small degree of hardness is highly 
beneficial to the action of the wetting agent. A similar effect has been 
observed by Kalinor.* It is important however not to have too high a 
concentration of the divalent cations since they may partially precipitate 
put the wettmg agent and thereby reduce the wetting power, 
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3 Maximum bubble pressure method,—Though the maximum bubble 
pressure method has been used by Adam* for studying the variation of 
surface tension with time, it has been shown by S V Venkatachala 1(/) that 
the method cannot be adopted for such studies since reproducible values 
cannot be obtained The irreproducibility is due to the fact that during 
the process of formation of the bubble large irregular changes in the area of 
the surface take place Venkatachala however observed that if the age of 
the surface was less than 5 seconds the values were fairly reproducible. The 
results got in the present work (Tables IV and V) show that with different 
tips the values of surface tension may sometimes differ by over 8 dynes per 
cm even when the age of the surface is 5 seconds This shows that the 
maximum bubble pressure method cannot be used for the measurement of 
surface tension of systems which exhibit a variation with time. A rough 
idea of the order of wetting efficiency of different solutions can however be 
obtained by this method. 

Summary 

The relative efficiencies of some of the common wetting agents have 
been determined by measuring the surface tension of five-minutc-old surfaces 
of the solutions using the ring method in a modified form Aqueous 
solutions giving a surface tension of 37 dynes per cm may be considered to 
have good wetting properties It is found that wetting power is not 
necessarily associated with detergent and emulsifying properties. 

Salts greatly increase wetting power Bivalent cations are more effective 
than univalent cations m increasing wetting power A moderate degree 
of hardness in water employed in preparing solutions of wetting agents may 
be of advantage in the textile industry 

The maximum bubble pressure method is shown to be unsuitable for 
the measurement of surface tension of solutions which show a variation with 
time. A rough idea of the order of wetting efficiencies of wetting agents 
can however be obtained by measuring the surface tension of a five-second- 
old surface by this method. 
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SPREADING OF CASEIN AND DERIVATIVES* 

By G N. Subba Rao, K. S. Gururaja Doss and Basrur SaNJIva Raq 

(Department of Chemistry, University of Mysore Central College, Bangalore ) 

Received October 31,1945 

During recent years there has been a great revival of interest in surface 
films, in particular those of proteins The surface behaviour of casein 
is of special interest since it can be studied both by the classical spreading 
method"*'* and the new surface ageing technique developed by Doss* 
and independently by McBain and Wilson 11 In the present work the spread¬ 
ing of casein and some of its derivatives on aqueous substrates has been 
investigated. 

Experimental 

1 Preparation of materials —In some of the experiments casein (Ham- 
mersten) obtained from Kahlbaum was used Isodisperse casein obtained by 
the method of Svedberg, Carpenter and Carpenter 1 ' was also studied It was 
prepared as follows, Hammersten casein was extracted at 40“ C for one hour 
with two litres of 70% ethyl alcohol containing one c.c of N hydrochloric 
acid per litre of alcohol The extract was centrifuged off from the residue. 
The soluble portion of the extract was reclaimed by precipitation with dilute 
sodium hydroxide and separated from the alcohol using the centrifuge. The 
solid was dried in a vacuum desiccator at laboratory temperature and dis¬ 
solved in 0 2 N sodium acetate solution. 

2 Formalised casern —0 05% solution of casein in 0 2 N sodium 
acetate was mixed with an equal volume of a 40% solution of formaldehyde. 
The mixture was allowed to stand for three days 

3 Deammtsed casein —Hammersten casein was deamimsed according 
to the method of Dunn and Lewis 4 I40cc of glacial acetic acid were 
added drop by drop, with vigorous stirring, to two litres of a 5% suspension 
of casein in water, the operation lasting two hours To the suspension, 
500 c c of 8% sodium nitrite solution were added drop by drop for 1} hours 
with vigorous stirring The mixture was allowed to stand for eighteen hours 
The precipitate of the deamimsed protein was filtered, washed with hot 
water until free from nitrite and dried in a desiccator over concentrated 


* Part of thesis submitted by G N S In partial fulfilment of the requirements for the 
Deft* of Master of Science of the Mysore University 
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(ulphuric acid at the laboratory temperature The product was light yellow 
in colour but had a tendency to turn brown on exposure to light. It was 
therefore preserved in the dark. A portion of the product was dissolved 
in 0-5% sodium hydroxide The alkaline solution was deep red. The 
nitrogen content of the solid protein was determined by the Kjeldahl method 
and found to be 14 72% while the Hammersten casein had 15 43% Thu 
value corresponds to what was obtained by Dunn and Lewis * 

4 Sodium metaphosphate.—Thu was prepared by heating sodium 
dihydrogen phosphate in a platinum dish for eight hours at redness. The 
red-hot dish was carefully quenched in water and the solid metaphosphate 
stored m a dry bottle 

5. Trichloracetic acid— Acid of CP quality was used 
The various buffer solutions were prepared from chemicals of C.P 
quality and the qumhydrone electrode was used to measure their pH 

The Technique of Spreading and of the Measurement of 
Surface Pressure 

The essential requirement for the quantitative study of protein films 
is a reliable and reproducible method for the preparation of films Since 
the proteins are soluble in water, there is always a nsk of some of the protein 
entering into the bulk during the spreading process Several experimenters 
have described in detail the procedure to be followed for spreading in order 
to get reliable results Gortcr and Grendel* forced the solution through a 
capillary kept horizontally and close to the surface Fourt and Schmidt 1 * 
used a micrometer syringe and insisted on the needle being kept just above 
the surface and in contact with it Neurath 17 on the other hand, dropped the 
solution from a height of 2-3 mm from the surface and found that if the 
drops of the solution touched the surface before detaching themselves the 
spreading was incomplete Hughes and RidcaP spread gliadin by placmg 
the solid protein on the surface and obtained more complete spreading than 
was got by Gorter’s method The success in the former method is due to the 
fact that the capillary-active substances dissolved at a much slower rale, 
at the solid-water interface than at the contour in contact with the water- 
air interface This method, however, cannot be adopted with casein which 
does not spread in the solid form Langmuir and coworkers 11 spread the 
protein by taking its solution in the form of a band on a metal foil and slowly 
lowering the foil into the substrate This technique is elegant as it minimises 
the penetration of the spreading solution into the substrate in the process of 
dropping. 
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In our modification of the Langmuir method, two glass strips about 
6' long and 1* wide were coated with paraffin, upto 2' from one end. The 
strips were handled at the paraffined ends only, thereby preventing the transfer 
of surface-active material from the hand to the exposed glass. The bare 
portions were cleaned in warm chromic acid and washed with water. A 
measured quantity of the protein solution was put on one of the strips and 
worked into a thin ribbon with the other strip, The strips were then slowly 
lowered into the surface 

The surface pressure measurements were made by means of a film 
balance improvised from a Du Nouy tensiometer The trough was con¬ 
structed of a beading of glass strips on a glass plate, using high grade paraffin 
from which traces of surface-active impurities had been removed by heating 
with activated silica gel Praffined glass strips were used as baruers Metal 
foils, coated with paraffin (in ether solution) prevented the leakage of the 
film to the other side of the float—a paraffined micastnp. Before each experi¬ 
ment the trough was always tested for contamination The entire apparatus 
was enclosed m a cabinet, with glass sides 
Results 

1. Comparison of the two methods of spreading —A comparative study 
was made of the direct dropping method and the modified band method. 
The results are given m Table I 

Tablb I 

A Spreading of casein (Hammersten) by dropping method on 
0-01 N hydrochloric acid 


Avorep* Unutloi 


0 «l s. 


p«rm», 
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B. Spreading of Hammersten casein by the modified 
band method on 0 01 N hydrochloric acid 


Time allowed lor spreading “ 1 mlnate 



Average limiting area "l 1# aq. metres per mg. 


The results show that the modified band method is far superior to the 
dropping method Spreading by the former method is found to be quick, 
one minute being sufficient for complete spreading. The modified band 
method has therefore been employed in all subsequent work 

Admixture with ethyl alcohol has been employed to enhance spreading. 14 
The addition of alcohol to the spreading solution primarily helps by reducing 
the surface tension so that the liquid spreads more easily on water. Amyl 
alcohol, known to be more surface-active, can be expected to give better 
spre a din g of the protein. It has been tried by us, but contrary to expecta¬ 
tion, the limiting area for casein was found to be only 0 47 sq metres per mg. 
The cause of this reduction m spreading is not clear. It is probably con¬ 
nected with denaturation, as can be gathered by the behaviour of denatured 
casern m the following experiment. Casein (Hammersten) was refluxed 
for an hour with absolute ethyl alcohol and dried for 2 hours at 80° The 
product was insoluble m warm 0-2 N sodium acetate and dissolved only m 
0*5% alkali Spread from the alkali solution, the denatured casein was 
found to have on 0 01 N HC1 substrate a limiting area of 0 84 sq. metres 
per mg. while before dcnaturation the corresponding value was 1 • 19. 

2. Effect of neutral salts on spreading of casein —The influence of salts 
(in the substrate) on the spreading of casein was studied. The results are 
given in Table II, 
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Table II 



The results indicate that salts have no appreciable effect on the spreading 
of casern on the acid side of the isoelectric point (pH 4 7). On the alkaline 
side, however, salts do increase the spreading 


3 Effect of pH on the spreading of casein —The effect of pH on the 
spreading of the protein has been studied using different substrates The 
results are given in Table III 

Table III 



The results show that the I uniting area diminishes with an increase in 
the pH There appears to be an ill-defined minimum in spreading at pH 8 0 
It is of interest to note that casein does not attain maximum spreading at 
its lsoeletric point Casein in this respect ladically differs from egg albu- 
roin* ,l ‘ and pepsin 7 Two factors seem to control the limiting area The 
extent of spreading itself, is controlled by the charge on the molecules m 
the film. This factor would lead to minimum spreading at the isoelectric 
point, for, the charge on Die protein at this pH is minimum. At pH values 
far removed from the isoelectric point, the solubility of the protein is consi¬ 
derable so that the chances of the added liquid going into the bulk of the 
substrate (instead of spreading) are rendered greater. This factor by itself 
9 au#e a maximum spreading at the isoelectric point At any pH 
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therefore one has to consider the effect due to both these factors. When 
the solubility effect becomes predominant there is maximum spreading at 
the isoelectric point. The increase in film areas on the highly acid side may 
be caused by the ionisation of the polar groups of film molecules Ionisation 
of the end groups brings into play repulsive'forces between the molecules 
and enhances the spreading. With casein the solubility effect seems to be 
relatively unimportant in acid solutions, but the effect is prominent in neutral 
and alkaline solutions This explains why in the spreading of casein on an 
acid substrate, salts have no effect, while they have a marked effect in the 
case of a neutral or an alkaline substrate 

4 Effect of formaldehyde on the spreading of casern —The spreading 
of solutions of casein treated with formaldehyde (for three days) has been 
studied The results arc given in Table IV 


Table IV 



Formaldehyde therefore diminishes the spreading The influence of 
pH on spreading is also less. The decrease in spreading may be due to the 
formation of methyleneimino-compounds in which two molecules of the 
protein take part 1 

5 Effect of sodium metaphosphate and of trichloracetic acid on spread¬ 
ing.—"These two reagents are known to coagulate proteins in solution. The 
effect of these two substances has therefore been studied The results are 
given in Tables V and VI. 

A large reduction m spreading is noticed with the metaphosphate. It 
is known that metaphosphates form a complex between two amino groups. 

formation is probably responsible for the lateral contraction of 
the film. Trichloracetic acid is without any effect on spreading. This may 
be correlated with the fact that 0 5% trichloracetic acid does not preceipitate 
casein. 

6. Spreading of deaminised casein .—The behaviour of deamimsed 
Ca se rn is of great interest, as the film on dilute hydrochloric acid (pH 2 0, 3-0 
and 4-0) collapses with time. At pH 2-2, the initial area of the film at a 
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Tabu V Tabu VI 

Effect of meiapkosphate Effect of trichloracetic acid 



pressure of one dyne per cm. is of the same order as that for Hammersten 
casein (13,000sq. cm per mg) The limiting area however could not be 
determined as the film collapsed quickly at higher pressures. No film of 
deaminised casein could at all be got on distilled water. 

7. Spreading of isodisperse casein.— Isodispersc casein prepared accord¬ 
ing to the method of Carpenter 1 * is interesting since it has been shown to be 
a definite chemical individual with a molecular weight of 375,000. Table 
VII shows the behaviour of this protein on spreading. 


Table VII 

rime allowed for ipreadlfig = 1 minute 



It ts seen from Tables III and VII that isodisperse casein has the same 
spreading characteristics as the Hammersten casein. 

SUMMAftY 

1. Casein has been spread from its aqueous solutions by different 
methods and it has been found that the modified band method is the most 
suitable for the study of protein films. 
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spreading of Castin and Dtrivaitvts 

2 Effect of salts On the spreading of casein has been studied The 
results obtained can be explained on the basis that two different factors, 
solubility and the electric charge of the protein molecule influence spreading 

3 Treatment of the protein with formaldehyde causes a decrease in 
spreading Change in pH affects spreading of fonmolised casein to a smaller 
degree. 

4. Sodium metaphosphate diminishes markedly the spreading of casein 
Trichloracetic acid, however, has no effect 

5. Deamimsation of casein alters the spreading properties and gives 
unstable films on acidulated water No films can be got on distilled water. 

6. The spreading properties of an tsodisperse fraction of casein have 
been studied The limiting area of this fraction has been found to be of the 
same order as that of the original material 
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fluorescence reactions v/ith boric acid 

AND O-HYDROXY-CARBONYL COMPOUNDS, AND 
THEIR APPLICATION IN ANALYTICAL CHEMISTRY 

Part IV A2o-dyes from o-Hydroxy-carbonyl Compounds 
By K Nbelakaniam and M V Sitaraman 

(From the Departments oflhenudrv. Andhra University and Presidency College , Madras) 
Received November 26, 1S4S 

In the previous parts Neelakantam, et at 1 showed that solutions of many 
compounds containing the ©-hydroxy-carbonyl group in concentrated 
sulphuric acid, when treated with boric acid, developed a marked fluorescence 
if originally non-fluorescent. or exhibited a marked intensification of the 
fluorescence already present This ‘ Fluorescence Effect ’ was noticeable 
in some cases in daylight but generally only under filtered U V light This 
remarkable behaviour was found to be quite characteristic of such molecules, 
and among the large number and wide variety of compounds already 
examined, there were only two exceptions which gave a positive reaction in 
the absence of this group It was also found that the introduction of the 
bathofloric bromine into the molecule of the compound did not lead to 
negative results m all cases It was, however, noted that while a positive 
reaction indicated the presence of the ortho-combination of the groups, the 
converse was not true With the introduction of the bathofloric mtro-group. 
the 4 Fluorescence Effect ’ with boric acid also disappeared, while sulphonic 
group enhanced the effect 

In the light of the previous work it i* of considerable interest to investi¬ 
gate the effect of introducing the bathofloric azo-group, by coupling the 
©-hydroxy-carbonyl compounds with diazonium salts, on the Fluorescence 
Effect with boric acid Such an investigation was regarded of value for 
two reasons, viz (a) it would throw light on the scope of the test for 
de tec ting the group in molecules of such great tinctorial powers as the azo-dyes 
are; and (b) as a necessary extension of these investigations whose primary 
object was the development of suitable reagents for the detection and deter¬ 
mination of bone acid In the course of investigations already reported, 
resacetophenone was found to give the best results in the test and was there¬ 
fore suggested for the detection of micro-quantities of boric acid by a 
fluoresoence reaction under filtered U.V. light * The utility of this reagent 
16 
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it limited by the fact that the fluorescence m presence of bone acid is excited 
only under U.V. light. A reagent which yields similar results in daylight 
would indeed be very useful for the detection and should also prove of value 
for the determination of boric acid. 

A large number and variety of azo-dye* can be prepared from aniline 
itself by diazotising and coupling with different o-hydroxy-carbonyl com¬ 
pounds. and by using other amines, an enormous number of compounds 
can be produced The present investigation, however, has been limited to 
seven of the commercial azo-dyes derived from salicylic acid, samples of 
which were available, and twenty azo-dyes which were synthesised for the 
purpose. Azo-dyes derived from salicylic acid have received special atten¬ 
tion in this investigation for two reasons, viz -—(a) it is a typical o-hydroxy- 
carbonyl compound which is commonly available; and (b) it is specially 
c ha racterised by a marked ability to fluoresce when compared with other 
compounds of the same group In strongly alkaline and concentrated 
solutions salicylic acid exhibits a deep violet fluorescence visible in daylight 
itself and very prominent under Altered U V. light In concentrated sulphuric 
acid solutions, the acid is non-fluorescent in daylight but strongly fluoresces 
in filtered U V. For purposes of comparison eight azo-dyes which contained 
one or more phenolic hydroxyls, but the o-hydroxy-carbonyl group was 
absent, were synthesised 


Table I 





Table II 
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Experimental 

Azo-dyes.—Thc azo-dye* were prepared in the usual manner by diazo- 
tising the amine and adding the solution gradually to an alkaline solution 
of the coupling component The reaction mixture was kept distinctly 
alkaline and left over-night The solution was then acidified and heated 
to boiling. The precipitated dyes were filtered and crystallised generally 
from aqueous alcohol and m a few cases from water The dyes were charac¬ 
terised by their colour and melting points They generally sintered several 
degrees below the temperature at which they finally melted and it is the latter 
temperatures that are recorded in the table, 

Fluorescence Test —The solutions were prepared and the tests carried 
out exactly as described in the previous communications When the solutions 
in sulphuric acid were strongly coloured, they were diluted until pale in 
colour. 

As the source of U.V. a mercury are enclosed in a cabinet provided with 
an U.V.-fllter which transmitted mostly in the U.V and a little in the violet- 
bhio region was employed. 

Rbsults 

The results are recorded in three tables given above, commercial samples 
in Table I and the prepared dyes in Table II Compounds included in both 
table* contain the c-hydroxy-carbonyl group For comparison, the results 
obtained with dyes in which this group is absent are given in Table III. With 
the exception of 1 Magneson ’ (p-nitrobenzene-azo-resorcmol, B D H 
sample), the dyes included in the table were also prepared for this investigation. 

Discussion 

It is well known that while the azo-group is bathofloric, it does not des¬ 
troy the ability to fluoresce completely, as docs the mtro-group. but weakens. 
It can be seen from the data presented above, that several dyes of the azo¬ 
group fluoresce, though weakly, in concentrated sulphuric acid solution under 
ultra-violet light. On the addition of boric acid, however, the intensification 
of fluorescence does not occur in all cases, but there are several examples 
m which it does (c/. Tables I and II) A positive result in the fluorescence 
test appears to be independent of the ability of the parent molecule to 
fluoresce in solution and no generalisation with regard to the influence of 
substituents is at present possible It is, however, remarkable that though 
negative results have been recorded in the test with boric acid with several 
molecules which contained the o-hydroxy-carbonyl group, no positive result 
was obtained m the absence of this group as can be seen from Tabic III, 
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It is evident that the boric acid test for the o-hydroxy-carbonyl group 
is also applicable to the azo-compounds. However, negative results are 
obtained more often with the azo-dyes than with the o-hydroxy-carbonyi 
compounds from which they are derived. It may also be pointed out that 
the results are similar to those obtained with the brominated compounds 
already reported Thus it is cleat that while a positive result confirms the 
or'Ao-onentation of the hydroxy and carbonyl groups, a negative result 
does not prove the contrary. 

With regard to the second object of this investigation, it may be stated 
that only the o- and p-hydroxy-benzene-azo-salicylic acids gave fluorescence 
effects with boric acid approaching those with resacetophenone. These 
compounds do not possess any special advantages over resacetopherone 
as reagents for the detection of bone acid 

Conclusion 

The introduction of the azo-group into the molecule of an o-hydroxy- 
carbonyl compound does not invariably produce a negative result in the 
fluorescence test with boric acid earned out under filtered U.V. light. Fluo¬ 
rescence intensification on the addition of bone acid is observed m several 
cases, though there is a marked diminution in the intensity of the effect when 
compared with the parent o-hydroxy-carbonyl molecule. 

The fluorescence test for the ortho-o dentation of the hydroxyl and 
carbonyl groups is also applicable to the azo-dyes but a negative result does 
not prove the contrary. 
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CONSTITUTION OP PATULETIN 

Part II. A N«w Synthesis of the Flavonola of the Quercetagetln Series 
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From the experiments described in Part I 1 it could be surmised that patuletw 
is the 6-methyl ether of quercetagetin. Confirmation of this constitution 
appeared to depend on the discovery of a new method of synthesis of the 
flavonois of the quercetagetin series 

Two flavonois with the 5:6: 7-arrangement of hydroxyl groups arc 
known to occur in nature The first is quercetagetin which is present partly 
free and partly as its glucostde, quercetagitrin, in the flowers of Tagetei 
trecta. The second is nor-tangeretm occurring as its pentamethyl ether, 
tangeretin, in the peels of Tangerine orangn The former was synthesised 
by Baker, Nodzu and Robinson * The main stages of their synthesis are 



quercetagetin-pentamethyl ether. The other alternative would have re¬ 
sulted in the formation of gossypetm derivative but this did not happen 
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Tangeretin (IV) was obtained by Goldsworthy and Robinson* in a similar 
way using sodium anisate and anisic anhydride. 

Though the above is an excellent method and works satisfactorily, it is 
not suitable for the present purpose It yields only 6: 7 -dimethoxy com¬ 
pounds, a 5-7 combination of methoxyls with the 6-hydroxyl free is 
desirable Further, the synthesis of 4 : 5 -dimethoxy-reaordnol (I) starting 
from guaiacol is rather tedious as a large number of stages are involved. 
Consequently a different, and if possible, simpler scheme for the synthesis of 
quercetagctin and its analogues which may eventually lead to the establish¬ 
ment of the constitution of patuletin had to be sought The following is 
one such 



w ■ 4 • 6-Trimethoxy-phloroacetophenone (V) was obtained in the 
past by the alkaline degradation of the methyl ethers of flavonols* like 
quercetin but it does not seem to have been produced synthetically It has 
now been prepared by two methods. The first starts from the dimethyl 
ether of phloroglucmol (X) which is condensed with methoxy acetonitrile. 
Two products are possible and were actually isolated in equal amounts in 
the analogous case involving acetonitrile. 4 But here, ketone (V) is obtained 
a* predominantly the main component The mixture could be easily 
separated since the porn-hydroxy isomer (XI) is soluble in aqueous sodium 
carbonate and the ortho-hydroxy compound (V) is not soluble in it. 
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The second method which is rather more convenient converts phloro- 
gluclnol directly into <u-methoxy-phloracetophenone (XII) which is then 
subjected to partial methylation with the required quantity of dimethyl 
sulphate and potassium carbonate in benzene-acetone solution to form the 
o»- 4 :6-tnmethyl ether (V) 

Oxidation of the tnmethyl ether (V) with alkaline potassium per¬ 
sulphate takes place fairly smoothly to yield the di-hydroxy compound (VI). 
The constitution of this product is not only based on well-established analogy 
but is also supported by its properties It does not give a precipitate with 
neutral lead acetate which is an indication that the hydroxy groups arc not 
ortho to each other but para. A more definite support is its smooth con¬ 
version into quercetagetin-pcntamethyl ether (VII) by fusion with veratnc 
anhydride and sodium veratrate Further methylation of (VII) yields the 
hexamethyl ether (VIII) and demethylation yields quercetagetin (IX) both 
of which have been compared and found to be identical with authentic 
samples.* Thus the suitability of the proposed synthetic method has been 
established It is found to be quite convenient and easy to carry out and 
provides an intermediate compound with the 6-hydroxyl free 

Using anisic anhydride and sodium am&ate for condensation with the 
ketone (VI) and by subsequent methylation tangeretin* (IV) has been obtained. 
The method has also been applied for the synthesis of the two remaining 
members of this flavonol series which have not yet been discovered nt nature 
but which probably occur in the plant kingdom; 6-hydroxy-galangm or 
3 : 5 : 6 :7-tctrahydroxy-flavone (XIII) is Lhe lowest member and 6*hydroxy- 
myricetin or 3 : 5 :6: 7 , 3 ': 4 ' : 5'-hepta-hydroxy-flavone (XIV) is the highest. 
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(XVI) 


It may also be mentioned here that the dihydroxy-ketone (VI) on careful 
partial methylation using one molecular proportion of dimethyl sulphate and 
potassium carbonate in benzene-acetone medium yields a tetra-methyl ether 
which is found to be identical with quercetagetol tetramethyl ether* (XV) 
obtained by the alkaline degradation of hexamethyl ether of quercetagctin 
(VIII). Thus this constitutes the first synthesis of quercetagetol tetramethyl 
ether. Its condensation with benzoic anhydride and sodium benzoate did 
not proceed smoothly and yield the expected 3 5 6- 7-tetramcthoxy flavone 
(XVI). The reaction seemed to be accompanied by some amount of de- 
methylation of the 5-methoxyl group and the product was a mixture giving 
appreciable feme chloride colour Further methylation, however, yielded 
a pure sample of the tetramethyl ether (XVI). It may be mentioned in this 
connection that in several experiments on the Allan and Robinson conden¬ 
sation of the ketone (VI). the products gave appreciable colour with ferric 
chloride, indicating slight demethylation, though this was not obvious from 
the analytical results In several other experiments, the products did not 
yield such colour with ferric chloride, and it could, therefore, be inferred 
that pure samples with 6-hydroxyl alone do not give this colour. 

Exkumentai. 

<•>: 4: (y-Trimethcxy-l-hydroxyacttopkenone (V): 

(i) Condensation of dimethyl ether of phlorogluetnol with methoxy- 
acetonltrile. —Dimethyl ether of phloroglucinol (X) was prepared according 
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to the method of Pratt and Robinson,* The dimethyl ether (5 0 g.) was 
condensed with methoxy-acetomtrile (5c.c) in anhydrous ether (S0c.c.) in 
presence of fused zinc chloride (1 -0 g) by saturating the solution with dry 
hydrogen chloride at 0°. The ketimine hydrochlorides separated out on 
the sides of the flask even durmg the first hour After passing the current 
of hydrogen chloride for an hour after saturation, the flask was left in the 
refrigerator After three days, the ether was poured off and the mixture of 
ketimine hydrochlorides was washed with dry ether (50 c c ) 

A separation of the ketimine hydrochlorides depending on the different 
rates of hydrolysis was attempted but it was not successful The whole of 
the solid was treated with 50 c c of water, heated over a water*bath for a 
few minutes and quickly cooled No solid separated out. Therefore, more 
water (50 c c.) was added and the solution kept in a boiling water-bath for 
45 minutes On cooling, a heavy oil separated out which did not solidity 
even after keeping for some hours in the ice-chest It was therefore extracted 
with ether A dark reddish brown resinous mass (0 8g) was left behind 
being insoluble in ether This was rejected The ether layer was extracted 
thrice with aqueous sodium carbonate (5%) 

On evaporating the ether layer, a light yellow oil was obtained which 
crystallised readily on scratching with a glass rod It was crystallised twice 
from alcohol when w 4:6-trimethoxy-2-hydroxy-acetophenone (V) was 
obtained as colourless transparent prisms melting at 103-04° The melting 
point recorded in the literature* for hydroxy-fisetol-trimethyl ether is 
102-04°. Yield, 1 8g. [Found: C, 58 5; H, 6-3 C„H l4 0, requires 

C, 58 4; H, 6-2%.] 

When the sodium carbonate extract was acidified a dark resinous mass 
was obtained in small yield. It was filtered and crystallised from alcohol 
containing acetic acid. On cooling, most of the resin came down as a dark 
amorphous powder which was filtered and rejected. From the filtrate by 
careful dilution with-water a small quantity (Olg) of the isomenc 
to; 2.6-trimethoxy-4-hydroxy-acetophenone (XI) was obtained It was 
crystallised once again from alcohol from which it came out as flat needles 
and rectangular plates melting at 259-60° It did not give any colour with 
ferric chloride in alcoholic solution. [Found C, 57 9, H, 6 3 CuH u 0 4 
requires C, 58-4 and H, 6'2%.) 

(n) Partial methylation of w-methoxy-phloroacetophenont <•»- 

Methoxy-phloroacetophenone 7 (4 g ) was dissolved m a mixture of anhydrous 
acetone (30 c.c ) and anhydrous benzene (90 c c.) and the resulting solution 
was refluxed on a water-bath with freshly ignited potassium carbonate (10 g.) 
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and dimethyl sulphate (3 • 9 o c.). After refluxing for twelve hours the potassium 
salts were separated by filtration and washed thrice with warm benzene 
The filtrate was extracted with aqueous alkali (5%) four or five times On 
acidification, the alkali extract deposited the required a»: 4:6-trimethoxy- 
2-hydroxy-acetophenone (V), the melting point being 98-100° C. When 
crystallised twice from alcohol, it was obtained as big colourless transparent 
prisms melting at 103-4° Yield, 2 75 g It dissolved in aqueous alkali 
yielding a pale yellow solution and with neutral ferric chloride a reddish 
brown colour was obtained in alcoholic solution 

The potassium salts from a number of methylations were collected, 
dissolved m water and acidified with strong hydrochloric acid The turbid 
solution was extracted repeatedly with ether and the ether extract was shaken 
several tunes with sodium carbonate solution After separating the ether 
layer, the carbonate extract was acidified when a pale rose coloured solid 
(0-5g.) was obtained. It crystallised from hot water in the form of colour¬ 
less long prismatic rods melting at 208-10° [Found C, 56 7, H, 6 2, 
C 10 H„O, requires C, 56 6 and H, 5 7%] It gave a pink colour when 
treated with ferric chloride in alcoholic solution It was soluble m aqueous 
sodium hydroxide and sodium carbonate and was obviously a dimethyl 
ether. Its exact constitution is not yet determined. 
w-A. 6-Trlrnethoxy-2 5-dlhydroxy-acetophenone (VI) 

To a mechanically stirred solution of w-4- 6-tnmethoxy-2-hydroxy- 
acetophenone (V) (3 3g.) ui aqueous sodium hydroxide (50c.c., 5%) kept 
at 15-20°, a solution of potassium persulphate (4 Og. in 50c.c. of water) 
was added slowly during the course of 3 hours The solution was allowed 
to stand for 20 hours and then rendered neutral to litmus with dilute hydro¬ 
chloric acid. On stirring and scratching the sides of the container with a 
glass rod, the unreacted ketone (0-8 g.) separated out It was filtered off 
and the yellowish orange filtrate treated with concentrated hydrochloric 
acid (15 c c.). It was then heated on a steam-bath for 15 minutes and while 
still hot filtered through a bed of animal-charcoal under suction On cooling 
the dear orange coloured filtrate, it deposited a black resinous material which 
was separated by decanting the clear supernatant liquid. The required 
product slowly came out as shining bright yellow crystals when the decanted 
liquid was kept overnight in the ice-chest. It could also be extracted with 
ether. Repeated extraction with ether (six to eight times) was found 
necenary and in this case the yield of the oxidation product was better. It 
was crystallised twice from hot water using animal-charcoal, when it was 
obtained as bright yellow shining rhombohedral plates melting at 133-136°. 
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Yield, 0-8g. [Found. C. 54-8; H, 6 0; C u H u O, requires C, 54-6 and 
H, 5 8%.J It dissolved in aqueous alkali forming a bright yellow solution 
which gradually turned orange-red In alcoholic solution a transient green 
colour was obtained with feme chloride It did not give any precipitate 
with neutral lead acetate 

o>-4' 5: (t-Tetramethoxy-2-hydroxy-acetophenone ( Querecetagetol-teiramethyl- 

ether) (XV) • 

A solution of dry w 4’ 6*trimethoxy-2 5-dibydroxy-acetophenone (VI) 
(0-5g) in anhydrous benzene (50cc) was treated with dimethyl sulphate 
(0-25 g. in 5 c.c of beuzene) and freshly ignited potassium carbonate (1 0 g 1 
After refluxing on the water-bath for ten hours, the benzene solution was 
Altered and the potassium salts washed thrice with warm benzene (15 cc.) 
The benzene filtrate was repeatedly extracted with aqueous sodium hydroxide 
(5%) On acidifying the alkali layer with hydrochloric acid, the solution 
became turbid and did not deposit any crystals It was, therefore, left over¬ 
night in the refrigerator A pale red crystalline solid was deposited which 
was filtered, it crystallised from hot water as colourless long rectangular 
plates melting at 77-78° A second crystallisation from hot water did not 
raise the melting point Yield, 0 25 g It did not depress the melting point 
of the ketone obtained by the alkaline degradation of the hexamethyl ether 
of quercetagetin.* Both give the same brown colour reaction with feme 
«chloride in alcoholic solution. The synthetic product is therefore identical 
with quercctagetol-tetramethyl ether [Found C, 56 6, H, 6-6, C lt H| t O, 
requires C, 56 3 and H, 6*3) 

The fully methylated ketone (pentamethyl ether) could be obtained as 
a pale yellow oil m a small quantity on evaporating the benzene layer But 
it was not further investigated 

3 • 5 7- Trimethoxy-S-hydroxy-fla vone . 

An intimate mixture ofw 4'6-trimethoxy-2.5-dihydroxy-acetophenone 
(VI) (1 0 g). benzoic anhydride (9 0 g.) and sodium benzoate (3 0 g ) was 
heated under reduced pressure at 180-90° for five hours The mixture 
first fused and then solidified The crust was broken by means of a glass rod 
and refluxed with 30cc of alcohol for 15 minutes The hot solution was 
then treated with alcoholic potash (30 c c containing 6g, of potassium 
hydroxide) and the refluxing continued for 25 minutes more After removing 
the alcohol under reduced pressure, the dark brown residue was dissolved in 
water (150c c.) and saturated with carbon dioxide A dark brown precipi¬ 
tate settled down. It was found advantageous to ether extract the solution 
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along with the precipitate instead of filtering, as the ether extracted only the 
desired flavone and not the accompanying resinous impurities. On removing 
the ether by evaporatation, the flavone separated out in the form of a pale 
yellow crystalline compound which was crystallised twice from alcohol. The 
3*5. 7-trimethoxy-6-hydroxy-flavone was obtained in the form of elongated 
rectangular prisms (rods) which sintered slightly at 162' and finally melted 
at 170° A third crystallisation was also done but there was no change in 
its behaviour on heating Yield, 0 4g [Found. C, 66 0, H, 5 0; OCH,, 
27*3; CuHwO, requires C, 65 9; H, 4 9 and OCH„ 28 3%). In concen¬ 
trated sulphuric acid, it dissolved yielding a pale yellow solution with no 
fluorescence. 

3:5*6: 1-Tetra-methoxy-flavone (XVI) * 

First method.—A solution of 5 7 . 3 -trimethoxy- 6 -hydroxy-flavone 
(0*1 g) in anhydrous acetone (30c.c) was ireated with dimethyl sulphate 
(0*3c.c.) and anhydrous potassium carbonate (1 Og) and the mixture was 
refluxed for 12 hours The potassium salts were then removed by filtration 
and washed wilh warm acetone (15c.c) On evaporating the acetone 
filtrate, a light reddish oily residue was left behind It was treated with 
dilute alcohol <3cc 1 1) and left m the ice-chest overnight. A white 
crystalline compound separated out It was filtered and crystallised from 
ethyl acetate The tetramcthyl ether was obtained as colourless flat needles 
and rectangular plates melting at 110-11° [Found C, 66 9, H, 5*7, 
QsHhO, requires C, 66 7, and H, 5 3% ] 

Second method —Quercetagetol-tetramethyl-ether (XV) (0 5 g) was 
condensed with benzoic anhydride (1 5g) and sodium benzoate (0*5g.) 
and the excess ot the anhydride decomposed by heating with alcoholic potash 
(8%, 25 c.c.) When the alcohol was distilled off under reduced pressure 
and the residue treated with water a pale yellow crystalline powder was left 
undissolved It was filtered and washed with water and crystallised from 
alcohol Though it was crystalline in appearance it did not have a sharp 
melting point and it gave a greenish-brown colour with alcoholic feme 
chloride Further crystallisation did not effect any improvement and the 
substance seemed to be a mixture arising probably out of partial demethyla. 
tion in the 5-position during the Allan-Robinson condensation It was 
therefore methylated with dimethyl-sulphate and potassium carbonate in 
acetone medium. This product crystallised readily from ethyl acetate as 
colourless flat needles and was found to be identical with the tetramethoxy 
flavone described in the above experiment 
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3:5:6: 1-Tetrahydroxy-flavone • 6-hydroxy-galangto (XIID : 

The 3: 5 • 7-tnmethoxy-6-hydroxy-flavone (0-2 g.) was demethylated 
by refluxing a solution of the flavone in acetic anhydride (3 c c) with hydriodic 
acid (d 1 7, 5 c.c ) for 2 hours The solution was then diluted to 25 c.c 
with water and saturated with sulphurdioxidc when a pale orange-yellow 
precipitate separated out It was crystallised once from alcohol and twice 
from ethyl acetate, when the 5.6.7-trihydroxy-flavonol was otbained in 
the form of broken plates. It sintered at 240° and melted completely at 
251-3°. Yield, 50mg. [Found. C, 62 5, H, 3 9. C.^.O, requires 
C, 62-9 and H, 3-5%) 

In alcoholic solution, the flavonol gave a dark olive green colour with 
ferric chloride. It did not exhibit any fluorescence either in alcoholic or 
sulphuric acid solution By acetylation with acetic anhydride and sodium 
acetate the acetyl derivative was prepared It crystallised from ethyl acetate 
in the form of spear-heads and melted at 186-88° with slight sintering at 
182° 

3.5:7: 4'- Tetramethoxy-6-hydroxy-fia vone 

This compound was obtained by condensing u> • 4:6-tnmethoxy-2:5- 
dihydroxy-acetophenone (VI) (1 Og) with anisic anhydride (12-0g.) and 
sodium anisate (4 5 g.) After the hydrolysis of the condensation product, 
the alcohol was removed under reduced pressure and the residue dissolved 
in water. The dark brown solution was saturated with carbon dioxide and 
the liquid was extracted with ether exhaustively. On the removal of ether 
a pale yellow solid was obtained It crystallised from alcohol in the form 
of pale yellow prismatic rods melting between 195-98" A second crystalli¬ 
sation raised the melting point to 199-200°, with slight sintering at 195° 
Yield. 0-45g. It dissolved m aqueous sodium hydroxide forming a pale 
yellow solution. With concentrated sulphuric acid it gave a yellow solution 
with no fluorescence [Found C, 63 7; H, 5 3, C 1( HuO ; requires C, 
63-7 and H, 5 0%.] 

3: 5: 6: 7: 4'-Pertta-melhoxy-flavone . Tmgeretin {IV) 

The above tetramethoxy hydroxy-flavone (0-1 g) was methylated by 
refluxing it in anhydrous acetone solution (30 c c) with dimethyl sulphate 
(0'5c.c.) and anhydrous potassium carbonate (1 0g.). After twelve hours, 
the solution was filtered off and the residue washed with warm acetone On 
evaporating the filtrate, a colourless crystalline material was obtained It 
crystallised from ethyl acetate in the form of rectangular plates melting at 
153-54° (Goldsworthy and Robinson* also gave the melting point as 
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153-54°) It gave a blood red colour with concentrated nitric acid and a 
bright orange-yellow colour with concentrated hydrochloric acid. Yield- 
65mg [Found: C, 64 6, H, 5-7. C»H M 0 7 require* C, 64*5; and 
H. 5-4% J 

3.5 6:7- 4'-Pentakydroxy-flavone nor-umgeretbt • 

The above tetramethoxy-6-hydroxy-flavone (0-2 g.) was treated with 
hydnodic acid (d 1-7; 5c.c.) in acetic anhydride (3cc) and refluxed for 
an hour and a half There was separation of the orange-yellow hydnodide 
within an hour which caused bumping At the end of the reaction, the 
mixture was diluted with water and • saturated with sulphur dioxide The 
pale yellow solid was collected and crystallised twice from dilute acetic acid 
The pentahydroxy-flavone was obtained as light yellow tiny rhombohedral 
prisms which darkened at about 275° and softened at 315-18°, but did not 
melt even at 325°.* Yield 01 g [Found C, 55 8; H, 4 0 Ci,H w 0 7 , 
HjO requires C, 56-3 and H, 3 8% ] Loss on drying in vacuo at 110-20°. 
4 - 8 %, C M H 10 O Jt H,0 requires loss on drying 5 0%. [Found in the sample 
dried at 110-20°: C, 59 5. H, 3 7, C 15 H„0 7 requires’C. 59 6 and H, 3 3%.[ 
In alcoholic solution, the flavonol gave a dark olive green colour with ferric 
chloride Lead acetate produced an orange precipitate which after some 
hours turned green On reduction with magnesium and hydrochloric acid 
a bright pinkish red solution was obtained 

The acetyl derivative was prepared in the usual manner by boiling nor- 
tangeretm with acetic anhydride and freshly fused sodium acetate. On 
decomposing the excess of acetic anhydride by means of water, a colourless 
crystalline compound was obtained ft showed a tendency to decompose 
when crystallised from alcohol It was therefore crystallised from ethyl 
acetate when it came out as thin broken plates melting at 234-35° [Found 
C, 58 2; H, 4 3; C, s H m O„ requires C, 58 6, and H, 3 9%.] 

3• 5.7.3'. 4' -Pentamethoxy-b-hydroxy-ftavon* (VII) 

: 4:6-Trimethoxy-2 5-dihydroxy-acetophenone (VI) (1 Og.) was con¬ 
densed with veratric anhydride (10-3 g), and sodium veratratc (3 0 g.) and 
the brown product hydrolysed with alcoholic potash (80 c.c ; 10%) The residue 
obtained after removing the alcohol under reduced pressure, was dissolved 
in water and the solution saturated with carbon dioxide A dark brown 
solid was precipitated. It was filtered and when crystallised from acetic 
acid or alcohol only a brown amorphous substance could be obtained It 
was therefore rejected The filtrate was then extracted several times with 
ether From the ether extract a pale yellow crystalline solid was obtained 
on evaporation to dryness. The flavonol was crystallised twice from alcohol 
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when it came out m the form of lens-shaped crystals which sintered at 200°, 
and finally melted at 208-10°. A third crystallisation from the same solvent 
gave a bright yellow crystalline substance which melted at 209-10° with slight 
sintering at 200°. Yield. 0 46g [Found C, 62 5, H, 5 5, 
requires C, 61 9 and H, 5 2% ] The substance dissolved in alcohol and 
concentrated sulphuric acid yielding yellow solutions with no fluorescence 
3 5- 6: 7• 3' A'-Hexamethoxy-flavone Hexamethyl-quercetagetln (VIII) • 
This compound was obtained in the usual manner by methylating the 
6 -hydroxy compound (0-1 g.) obtained in the previous experiment in an¬ 
hydrous acetone medium with dimethyl sulphate and anhydrous potassium 
carbonate It separated in the form of colourless shining crystals when the 
acetone solution was evaporated to dryness It was crystallised twice from 
alcohol and obtained as prismatic needles melting at 141-42° The mixed 
melting point with an authentic sample of hcxamethyl-quercetagetin was not 
depressed [Found C, 62-7, . H. 5 6. C„H„0, requires C, 62 7 and 
H, 5 5%] 

3 5: 6 * 7 * 3' A'-Hexahydroxy-flavone Quercetagetin (IX) 

It was obtained by demethylatmg the penUmethoxy-6-hydroxy-flavone 
with hydriodic acid (d 1 7) in the usual way On saturating the solution after 
dilution with sulphur dioxide, a pale yellow compound settled down It 
was crystallised first from alcohol and then from acetic acid The flavonol 
was now obtained in the form of short needles and plates melting at 315- 
18° and was found to be identical with quercetagetin ’ [Found in air-dned 
sample C, 50 7, H, 4 3, C„H, 0 O». 2H»0 requires C, 50 9 and H, 4 0] 

On acetylation in the usual manner with acetic anhydride and sodium 
acetate, the acetyl derivative was obtained which on crystallisation from 
acetic acid appeared as long rectangular plates melting at 209-10° It was 
found to be identical with acetyl quercetagetin and it did not depress the 
melting point of an authentic sample 
3 5 7 3' 4' S'-Hexamethoxv-6-hydroxy-flavone 

The condensation of u> 4 6-tnmethoxy-2 5-dihydroxy-acetophenone 
(VI) (1 0g.) with O-trimethyl-gallic anhydride (10 Og) and sodium tn- 
methyl gallate (3 Og.) was made by heating the mixture at 180-185° under 
reduced pressure for 5 hours In the earlier stages of the condensation the 
mixture melted and there was considerable frothing which subsided after 
about three quarters of an hour At the end of the reaction the product was 
hydrolysed m the usual manner by refluxing with alcoholic potash (6 0 g 
in 60 c.c ) for 20 minutes. The alcohol was removed under reduced pressure 
A3 
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and the product dissolved in water On saturating with carbon dioxide an 
appreciable quantity of dark amorphous resin separated out. It was 
rejected as it did not yield any crystalline material even after repeated 
crystallisations. The filtrate was extracted with ether repeatedly and from 
the ether extract, a yellow solid was obtained. It crystallised from alcohol 
in the form of golden yellow large square plates melting at 193-4°. It 
dissolved m aqueous alkali forming a pale yellow solution In concentrated 
sulphuric acid an orange-yellow solution was obtained which gave no 
fluorescence Yield, 0 45 g. [Found C, 60 5, H, 5 6, C,,H m O, 
requires C, 60-3 and H, 5-3% 1 
3 5 6 7 3' 4' 5'-Heptamethoxy-flavone ■ 

Methylation of the fiavonol (0-1 g) obtained in the above ejpenment 
was effected by means of dimethyl sulphate and anhydrous potassium 
carbonate in anhydrous acetone medium After refluxing the mixture for 
12 hours, the acetone solution was separated by filtration and the residue on 
the filter washed wi f h warm acetone On the removal of acetone by distilla¬ 
tion. a brown semi-solid was obtained which deposited colourless crystals on 
adding a few drops of water When crystallised from alcohol it was obtained 
as flat needles melting at 150-51° [Found C, 61 6, H, 5 7, C„H m O, 
requires C. 61-1 and H, 5-6% ] 

3: 5-6. 7 3': 4'. S’-Hepta-hydroxy-ftavone: b-hydroxy-myncetln (XIV) 

The demethylation of the hexamethyl ether (0 3 g) was effected m the 
usual way by refluxing its solution in acetic anhydride with hydnodic acid 
(d, 1 7, 8 0 c c ) on an oil-bath Within the first half hour, an orange-yellow 
crystalline solid separated out which caused occasional bumping After 
two hours, the solution was diluted and then saturated with sulphur dioxide. 
An orange residue was obtained which crystallised from acetic acid m the 
form of elongated narrow rectangular plates It did not melt below 325°, 
but darkened at about 315°. Yield. 0 1 g It was sparingly soluble in 
alcohol and acetic acid and gave a dark olive green colour with ferric 
chloride m alcoholic solution. In sodium hydroxide a yellow solution was 
obtained which rapidly changed to green and then to brownish yellow after 
some hours [Found in the oven dried sample- C, 54 3, H, 3 3; C„H,(,0, 
requires C, 53 9 and H, 3 0% ] 

On acetylation with acetic anhydride and sodium acetate, the acetyl 
derivative was obtained. When it was crystallised from ethyl acetate it 
came out in the form of stout rectangular prisms melting at 248-50°. 
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Colour Reactions in Buffer Solutions 

1. 6-Hydroxy-galcmgin ( XIII) (3.5:6: 1-Tetrahydroxy-flavone) • 
pH 8-6 Difficultly soluble: colour, pale yellow slowly changing to greenish 
yellow In the course of half-an-hour the solution was green 
After 24 hours, pale yellowish brown. 

pH 9-8 Soluble more easily than in the previous case Bright yellow solu¬ 
tion, within 5 minutes greenish yellow and green in 30 minutes 
After an hour bright green After 24 hours pale yellowish brown 
pH 11-0 Same as above 

pH 12-2 Immediately bright yellow, rapidly changed into green In a 
minute bright green. After 5 minutes green Afterwards the 
colour became paler After an hour, the solution was pure 
green and after 24 hours pale yellowish brown 
pH 13 4 Bright yellow changing to green rapidly In a minute bright 
green After 5 minutes, bluish green slowly fading Within 
about half-an-hour it was pale green After 24 hours pale 
yellowish brown 

2 Nor-tangeretm (3 5 6 7 V-pentahydroxy-flavone) * 

pH 8 6 Sparingly soluble, colour pale yellow turning green, within 15 
minutes deep green Afterwards the colour began to fade 
with simultaneous development of brown colour After 24 
hours, pale brown 

pH 9 8 Rapidly went into solution with deep yellow colour turning within 
two minutes greenish yellow. Deep green aftei ten minutes 
and then began to fade After 24 hours pale brown 
pH 11 0 Deep yellow, fast changing to greenish yellow. In a few minutes 
deep green After about ten minutes the colour began to fade 
while turning brown After an hour, brownish green After 
24 hours pale brown 

pH 12 2 Same as above but the colour changes were more rapid and within 
fifteen minutes the solution became almost colourless and did not 
change even after 24 hours 

3 6-Hydroxy-myncetm (XIV) (3 5 6 7‘3' 4' 5'-Hepta-hydroxv-fla\>one \. 
pH 8 6 Bright yellow solution rapidly changing into green Within 2 

minutes yellowish green After 5 minutes turning brown and 
10 minutes yellowish brown No change after an hour After 
24 hours, reddish brown. 
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pH 9 8 In the course of 5 minutes, the solution rapidly changed through 
greenish yellow to brown which did not change appreciably 
afterwards. After 24 hours, reddish brown 
pH 11 0 Same as above. 
pH 11 6 Same as above 

pH 12 2 Deep yellow rapidly turning green and within a minute deep 
bluish green In another minute, violet brown. After five 
minutes it became brown After half-an-hour, reddish brown 
which practically remained unchanged even after 24 hours. 
pH 12 8 Same as above without much difference 

pH 13 4 Same as above but the solution did not become bluish green 
but changed rapidly in the course of a minute from yellow, 
through green to brown After 24 hours, it was reddish yellow 
A similar study of quercetagetin has already been recorded.* The 
initial colour in all these cases is yellow turning to green as the most promi¬ 
nent colour which finally yields place to brown. With the increasing number 
of hydroxyls m the side-phenyl nucleus the green has a tendency to become 
deeper and assume a bluish tinge and the final colour changes from yellowish 
brown through brown to reddish brown The brown colour is most prominent 
in the highest member. 

Summary 

A new and convenient synthesis of the flavonols of the quercetagetin senes 
is described 4 6-Trimethoxy-phloro-acetophenone has been prepared 
by two independent methods. By persulphate oxidation it is converted into 
the 2 • 5-dihydroxy compound Allan-Robinson condensation employing 
this ketone yields products containing a hydroxyl group in the 6-posilion 
Subsequent demethylation and mcthylation yields the flavonols and their 
fully methylated ethers. Besides quercetagetin and tangeretin which occur 
m nature, 6-hydroxy galangin and 6-hydroxy myncetin which have not yet 
been discovered in natural products, have also been synthesised. 
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The present investigation was planned with a view of determining, if possible, 
at what point in the cross-section of a parallel tube through which water 
flows with stream-line motion, this motion first breaks down and becomes 
turbulent as the velocity is increased. 

It was thought that this information might be of value as possibly 
affording some indication of the reason for the change from stream-line to 
turbulent motion at the critical velocity 

The Apparatus 

The apparatus used in the tests was a modification of that on which 
Osborne Reynolds carried out his classical experiments on critical velocities 
It consists of a large glass-sided tank 5-10}' long by 18' wide, fitted with 
baffles for steadying the flow from the inlet pipe, from which water was 
allowed to flow through a glass tube The rate of flow was regulated by a 
valve at the outlet from the tube The inlet end of the tube was fitted with 
a carefully finished bell mouthpiece 

The motion in the tube was made visible by a colour band of aniline dye, 
supplied from a tank and discharged through a fine capillary tube at the 
entrance to the bell mouthpiece The position of this capillary tube could 
be regulated with precision both in a horizontal and a vertical direction by 
means of adjusting screens on its carrier. 

At the point of observation of the coloured filament, the tube was 
enclosed in a glass-sided box, having vertical sides of parallel plate glass 
The box had an open top and was filled with water 

In order to obtain the distance of the filament from the centre of the 
tube, a graduated scale was mounted on the vertical glass front of the box 
surrounding the tube, and a similar scale in the same plane across the open 
top of the box. 
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Above the box a plane mirror was mounted at 45* to the horizontal. 
For observing the filament, two telescopes were mounted horizontally, 
one above the other, m the same vertical plane, i.e„ the plane containing the 
graduated scales. The upper one was focussed on the scale and on the fila¬ 
ment, which was observed from above through the mirror, while the lower 
one was focussed on the filament as seen through the side of the box. 

In this way the position of the filament at the section in question, with 
reference to each of the scales, and therefore with reference to the axis of 
the tube was obtained 

In order to correct for refraction, a thin graduated scale was made to 
fit the internal diameter of the tube. This was inserted into the tube, which 
was filled with water as when carrying out an experiment, and the readings 
of the internal and external scales were compared over the whole radius. 
The experiments were carried out on tubes of four diameters, viz., 0-5'; 

1-0'; 125'; and 1*5' 

Method of Carrying out Experiments 
In carrying out an experiment the supply tank was filled and allowed to 
stand for some time in order to allow any initial disturbance of the water 
to die out. Some definite cross-section of the tube, at which to take observa¬ 
tions, was then selected and the telescopes and gauges were brought into 
this plane. The outlet valve was then slightly opened and the rate of flow 
of the dye was regulated so as to give a fine colour band 

The opening of the outlet valve was then gradually increased until a slight 
flicker of the colour band was noticed near the outlet end of the tube This 
indicates that the velocity was approaching the critical value. 

A very slight increase in the velocity caused definite but intermittent 
breakdown into eddy formation at the end of the tube A further slight 
increase in the velocity caused the eddies to become permanent and brought 
the point of breakdown nearer to the tube entrance. Id this way by 
adjusting the velocity the point of breakdown with the filament at any 
required radius, could be brought into the plane of observation 

The exact radial position of the filament at this section was then observed 
and recorded, after which the mean velocity in the tube was determined by 
observing the time for the level in the supply tank to fall through a given 
distance when discharging under the same head with the inlet valve closed. 
The inverse of this tune was proportional to the mean velocity of flow With 
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each tube tbe expen menu were earned out for a sene* of radial positions of 
the filament, extending from the centre to a point near the Walls. 

Experimental Data 

(1) Experiments on tube I S' diameter.—This tube was 5 0' long and 
the observations were made at a point distant 2'0 ft. from the inkt end. 

Tbe co-ordinates of the centre of the tube on the horizontal and vertical. 
scale were* 

Horizontal scale 4- 38' 

Vertical 1*32' 

The following table, which represents a typical set of observations, shows 
the horizontal and vertical co-ordinates of the filament at the instant of break¬ 
down, its radial distance from the centre of the tube, and the corresponding 
time for the level in tbe supply tank to fall througn a distance of 1 inch. 



These times arc plotted on a base showing the distance from the centre of 
the tube of the corresponding filament. From this it will be seen that as 
tbe distance of the filament from the centre of the tube increases, the 
velocity of flow necessary to produce break-down into turbulent motion 
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diminishes and attains a minimum value at a radius of approximately 0 5' 
after which it increases with a further increase in radius 

This indicates that when, owing to increasing the velocity motion is 
maH<» to break down at this section, the breakdown first occurs at a radius 
of approximately 0 475, or at a distance from the centre equal to 0 63 of 
the radius of the tubs. 

(2) Experiments on tube 1 25* diameter .—This tube was 4-33' long 
and the observations were made at a point distant 2 5' from the inlet end 
The co-ordinates of the centre of the tube were. 

Horizontal scale 2 48' 

Vertical „ . 4-87' 

The following table shows a set of experimental observations on the 

tube 



As in the tests on the 1 5" tube, the velocity necessary to cause break¬ 
down at this section diminishes with the distance of the filament from the 
centre of the tube and attains a minimum at a radius of 0 37' or O’595 
of the radius of the tube, afterwards increasing as the radius of the filament 
is increased 4 

(3) Experiments on tube 1 0’ diameter .—In order, if possible, to ensure 
that the position of the radius at which breakdown first occurs should not 
be affected by the stabilising effjet of the bell-mouthed entrance to the tube, 
a larger tube—10' in length—was obtained for the second senes of experi¬ 
ments This tube was 1 ’0' in diameter, and the observations were made 
at a section distant 5 O' or sixty pipe diameters from the inlet, 
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The co-ordinates of the centre of this tube were • 

Horizontal scale . • 4-08' 

Vertical ,. 1 66 ' 

The following table shows a typical set of experimental observations 
on this tube. 

Experiments on l' tube, Length 10' 

Co-ordinatci of Centre (I 66 4 08) 



It Will be seen that, as in the tests on the 1 5’ tube, the velocity necessa.y 
to cause breakdown at this section diminishes with the distance of the fila¬ 
ment from the centre of the tube, and attains a minimum at a point whose 
radius (0 33') is 0 66 of the radius of the tube, afterwards increasing 
with an increase in the radius. 

(4) Experiments on tube 0 5' diameter —This tube was 7 0' long, and 
observations were made in this case at three sections, Section A was at 
a distance of 19' from the entrance, Section B, 43' from the entrance; 
and Section C. 72' from the entrance 

The experimental data are shown in the following tables 
On comparing these, it appears that the radius of the tube at which the 
minimum velocity is required to cause breakdown is sensibly the same in 
each case, namely. 0 165' or 0 66 of the radius of the tube. 

The mean velocities required to cause this breakdown, however, dimi¬ 
nish very appreciably with the distance from the entrance If the velocity 
required to breakdown at Section C be taken as unity, that at Section B is 
W7, and that at Section A is 1-91. 
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Section A 

Distance 1-7' from entrance 



Section B 

Centra co-ordinate* (3*175 0*935) 


Position of Coloor Band Tins (See*) 



This u due to tbe stabilising effect of the bell-mouth entrance, which u 
evidently still slightly felt at Section B which is 86 tube diameters from the 
entrance. 
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Section C 

Taken at 6' from entrance 
Centre co-ordinate! (3 >89 92) 



Careful measurements of the diameter of this 0-5' tube showed that 
it varies slightly, to the extent of 0 06' in its length of 7'. The experi¬ 
ments already described had been carried out with the smaller end at the 
entrance, and in order to determine the effect of this, the tube was reversed 
and the experiment repeated, observations being made at a point (Section D) 
corresponding to Section C, i.e., 72 ms from the entrarce. 

The results of this experiment are shown in the following table. 

Section D 
(Tube reversed) 

Taken at 6' from the entrance end 
Centre coordinates (3>*6 -975) 
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The results show that while the radius of maximum instability is at the 
same point as before (at 0 66 of the radius of the tube) the velocity 
necessary to cause breakdown at this radius is 1 5 times as great as witn 
flow in the opposite direction 

Ratio of Velocities Required to Cause Breakdown of 
Motion at Centre and at Radius of Maximum 
Instability 


From the various graphs, the ratio of the velocities required to cause 
breakdown of the motion at the radius of maximum instability and at the 
centre, can be obtained These are as follows 



These figures show that this ratio is greatly affected by the proximity to the 
bell-mouthpiece On the whole, it would appear that the ratio increases 
slightly as the pipe diameter is decreased 


Critical Velocity near the Wall of a Tube 

In the experiments an observation very near the wall of the tube was 
found to be very difficult If the tube supplying the colour band was so 
adjusted that the colour band was very near the wall, it almost invariably 
touched the wall before observations could be made, and remain:d in con¬ 
tact with the wall 

If, however, the cjrves be produced to a radius corresponding to that 
of the respective tubes, it appears that the velocity required to produce 
breakdown of motion near the wall is much greater than that required at 
any other point in the cross-section Taking the curves as a whole, it appears 
that the critical velocity is the same as at the centre, at a point whose radius 
is approximately 0 85 of the radius of the tube 

Conclusions and Deductions 

All the experiments indicate that when breakdown of motion initially 
streamline into turbulent motion occurs during flow through a tube, the 
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breakdown first occurs at a distance from the centre of the pipe, the experi¬ 
mental values ranging from 0 60 to 0 67 in the different tubes. From this 
point the turbulence spread inwards to the centre and outwards to the walls 
The exact reason for the breakdown or the mechanism producing it is 
not as yet understood ft is known to be due to the presence of the pipe 
walls, and to be independent of the roughness of the walls so long as the 
roughness is small It is not due to the attainment of a limiting shear stress 
in the fluid, since stream-line motion is possible in a small tube with shear 
stresses much greater than that obtaining at the critical velocity in a larger 
tube 

An examination of the problem in the light of tiie experimental data 
of the present investigation, suggests that the breakdown may be related 
to the rate of variation of energy across a diameter of the tube Since the 
pressure across a section of a parallel tube in which the flow is stream-line 
is constant, the rate of variation of the .nergy per unit mass along a radius 
is the same as tne rate of change of the kinetic energy and therefore of v s 
Assuming that some shgnt deviation of the particles from bnear axial 
flow to be produced in any way, this will have its maximum disturbing effect 
it if occurs at a radius where the radial rate of change of energy is a maximum 
dv* 

and therefore where -j- is a maximum 

But in stream-line flow through a tube of radius o, 
v « (a* - r») 
d f « (a* - r*)r 


which is a maximum when r 


" Vi 


- 0 58(7 


It is suggestive that this is very nearly the radius at which breakdown 
occurred in the experiments. The fact that the experimental value is some¬ 
what greater than this is possibly due to the fact that in a tube whose walls 
are not perfectly smooth, those filaments nearest the walls suffer some slight 
lateral displacement due to the roughness, and thereby suffer a reduction in 
stability causing breakdown to occur somewhat nearer the walls than would 
be the case m an ideally smooth tube That this is a possible explanation 
is indicated by the fact that the radius of primary breakdown in the experi¬ 
ments was smallest in the two larger tubes, having a mean value of 0-615 a 
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finish of alt the tubes was as nearly as could be determined the same, toe 
relative roughness would be smaller in the larger tubes. 

It is to be noted that at the radius (a/VD. the value of ^ is proportional 
ton*$ where ^ is the pressure drop per unit length of the tube 

But in the similar tubes the product or, where v is the mean velocity, 
is constant at the critical velocity, while % • • a * or *® * con * 

stant at the critical velocity in tubes of different diameter 

From this it would appear that in any tube the breakdown from stream¬ 
line to turbulent motion, occurs when the gradient of energy along the radius 
exceeds a certain definite value, and that this factor is the criterion of suet 
a breakdown 
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Introduction 

It is known that surface-active substances influence the determination of pH 
wh>.n carried out by the indicator method Smith and Jones 1 found tnat the 
presence of commercial wetting agents (Gardinol CA and Gardinol WA) 
often caused an error of more than one unit in pH when the common indi¬ 
cators are employed in the measurement. Hartley 1 made an extensive 
qualitative study of the phenomenon employing paraffin chain salts and 
found that the order of magnitude of the influence could be correlated with 
the valence change in indicators accompanying the colour change. In a 
recent paper. Hartley and Roe* have attempted to correlate the observed 
displacement of pH with the cataphoretic mobility of the micelles of the 
paraffin chain salts. The object of the present work is to study the effect 
quantitatively with a view to elucidate the phenomenon. 

Expbrimhntai. 

The surface active substances used in the present work are Nckal BX 
(sodium di-alkyl naphthalene sulphonate) and Igepon T (sodium salt 01 
oleyl-N-mcthyltaurine) Nekal BX wasf purified by the method described 
previouly.* Igcpon T was purified by a similar method using ethyl alcohol 
as the solvent The product was dried in vacuum at 80° C. to 90° C. as it 
melted when dried at j00° C 

The indicators employed were thymol blue and bromphenol blue 
supplied by the Hellige Company along with their comparator. 0-04 per 
cent, solutions were prepared by dissolving the solid indicators in the requisite 
quantity of alkali and making up with water • 

The Hellige comparator was found to be unsuitable for the present work. 
Apart from the method being approximate (correct only to 0-2 unit) it wm 
found impossible to match the colour of the test solution against any of the 

t Put of Thaw submitted by T. K In partial fulfilment of the requirements for the degree 
cl Master of Science tn the University of Mysore. 

* Physical Chemist, Imperial Institute of Sujir Techaolofy, Cswnpors 

1 Head of the Department of Chemistry, Central Colle*e, Ban*aiora. 
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discs, when the wetting agent was present. For, the wetting agent is found 
to influence the light absorption characteristics of the indicators. The 
Hellige colorimeter was therefore employed for determining the ratio of 
the concentration of basic form to that of the acid form present in the test 
solution The apparent pH was calculated therefrom by means of the equa¬ 
tion pH - pK + log ^ stfmd * rc,s used for such comparison 

alwpys contained the wetting agent in the same concentration as ia the test 
solution thus compensating for the change in the absorption characteristics 
By taking this precaution excellent matching could always be obtained. 
With bromphenol blue colour matching was not so good. The standards 
used were of the following composition.— 

Standards for thymol blue— 

Acid standard—The solution was made up from: 

(a) 0 5 cc of the stock solution of the indicator 

(b) 1 Occ of 2 N hydrochloric acid solution 

(c) Wetting agent m quantities to give the same concentration as 

in test solution. And 

(d) Water to make up to 10 c.c 
Basic standard 

(а) 0*5 cc. of the stock solution of the indicator. 

(б) Acetate buffer of pH 4 7 having sodium acetate concentration 

0-2 N. 

(c) Sufficient amount of wetting agent to give the same concentra¬ 
tion as in test solution. And 

(a) Water to make up to 10 c.c. 

Standards for bromphenol blue— 

Acid standard:— 

(a) 0-Sc.c. of the stock solution of the indicator 

(b) 1 c c of 2 N hydrochloric acid solution. 

(c) Wetting agent in quantities to give the same concentration as 

in the test solution And 

(d) Water to make up to 10 c c 
Baste standard •— 

(a) 0*5 c.c of the stock solution of the indicator 

(b) 5 c c. of N sodium acetate. 

(c) Wetting agent in quantities to give the same concentration as 

in the test solution. And 

( d) Water to make up to 10 c.c, 
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Test solutions were prepared as follows 

(a) 0 5 c c of the stock solution of the indicator 

(b) Sodium acetate and hydrochloric acid in quantities to give a pH 

in the woiking range of the indicator ana ionic strength of 
either 0 1 or 0 01 as required. 

(c) Wetting agent in quantities to get a required concentration 
And (d) Water to make up to 10 c c. 

The Sorenson values of the test solutions were determined by the 
quinhydrone methoa. The results obtained are given in Tables I to VIII 
In measuring the apparent pH valjes the adjustments with the colori¬ 
meter could be made correct to about 0 03 unit in the sensitive raDge The 
quinhydrone and the indicator methods gave slightly different values for buffered 
solutions and so an appropriate correction was applied in arriving at the — A pH 
values given in the tables 

Table I 


Wetting agent igepon T Indicator Thymol Blue Ionic strength of buffer « 0 01 



Table II 

Wetting agent Igepon T Indicator Thymol Blue Ionic strength of buffer = ( 
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Table in 


Wetting agent Igopoo T. Indie*tor Bromphtooi Blue, ionic strength of buffer - 0-01 



Table IV 

Wetting agent Igepon T Indicator Bromphenol Blue Ionic strength of buffer >0>l. 



Table V 


Wetting agent ■ Neluil BK Indicator Thymol Blue Ionic strength of buffer — 0 -01 
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Table VI 

Wetting agent Nekal BX. Indicator . Thymol Blue. Ionic itrength of buffer - 0.1 



Table VU 

Wotting agent Nekal BX Indicator Bromphenol Blue Ionic strength of bufltr - 0-01 



Table VIII 


Welting agent - Nekal BX Indicator Bromphenol Blue Ionic strength of buffer 0 • I 



DI3CUWON 


1. The mechanism of displacement of pH ~After making an extensive 
qualitative study of the eboct of a few paraffin chain salts on a number o. 
indicators. Hartley has suggested that the observed displacement of pH is 
due to the preferential adsorption of one of the forms of the dye on paraffin 
chain salt micelles. Indication of pH by a dye it dependent on the equilibrium 
between the two forms of the dye differing in valence. The equilibrium ratio 
of the two forms is determined by the pH of the solution. The acid form 
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of the dye is produced by the union between the basic form and the hydrogen 
ion. The valence of the acid form is therefore higher algebraically than the 
valence of the basic form The various possible types of valence for the two 
forms are.— 

I. Both forms positively charged, 

II. Acid form positively charged, basic form uncharged; 

III Acid form uncharged. basic form negatively charged; And 
IV. Both forms negatively charged 
The surface active substances can also be divided into the different 
classes accoiding to the charge possessed by their micelles in solution When 
an indicator is added to a solution containing a surface-active agent, there is a 
possibility that the micelles of the latter may preferentially adsorb one of the 
foims of the md.cator Normally cationic micelle, however, would net take 
up any of the indicator of type I and anionic micelle would not adsorb any 
of the indicator of type IV owing to electrical repulsion; in these cases there¬ 
fore, the surface-active substance would not affect the determination of pH 
This forms the basis of the sign rule of Hartley * In the other cases, there 
would be a preferential adsorption of one of the forms of the indicator 
Owing to the influence of the electric forces, the acid form which has a higher 
positive charge (or a lower negative charge) would be preferentially taken 
up by an anionic micelle The equilibrium between two forms would be 
consequently displaced, there being a shift towards the acid side. This 
resulis in the indication of lower pH A cationic micelle would behave in 
the opposite way causing an apparent increase m pH 

In a later paper. Hartley has put forth another mechanism for explaining 
the displacement of pH brought about by paraffin chain salts when 
diphenylazo-o-nitrophenol is used as indicator In this case both the 
forms are almost completely adsorbed by the paraffin chain micelles. The 
micelle being negatively charged has m its immediate neighbourhood a high 
concentration of H+ ions. The indicator therefore finds itself in a region 
of low pH. The pH indicated therefore is low and gives an idea of H+ ion 
concentration near the surface of the micelles. Hartley has shown that there 
is an approximate correlation between the zeta potential of the micelle got 
from mobility measurements and that calculated from indicator experiments. 

A complete picture of the phenomenon however can only be got by 
combining both the ideas put forth by Hartley and the following detailed 
mechanism is therefore proposed in the present paper The usual indicators 
are am p hi p athic substanoes navmg both a hydrophobic and hydrophilic 
portion in the molecule. The surface-active agents are also amphipathic 
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by nature When both these types of molecules arc present in solution 
there is a tendency for complex formation The complex formation is brought 
about by the union of hydrophobic portion of the indicator with the hydro¬ 
phobic portion of the molecules or micelles of the surface-active substances. 
The proportion of the acid and the basic forms of the indicator present in 
the complex would be controlled by (a) the local H+ ion concentration near 
the indicator ion and ( b ) the relative life of the two types of the complexes 
Due to the difference in the electrical charge associated with the two forms 
of the indicator, one of the forms may produce a much stabler complex than 
the other. It is to be pointed out that both the factors act in the same direc¬ 
tion in any particular system A careful study of these factors reveals that 
a quantitative formulation including these two factors is best done by apply¬ 
ing the law of mass action on the basis of activities Since, however, the 
activity coefficients are not available for the complicated molecules or micelles 
dealt with in the present work it is simpler to formulate, employing the con¬ 
centration terms, and discuss qualitatively the effect of the activity coefficients. 

The quantitative aspect of the problem may now be considered In 
a solution containing the indicator and the surface-active agent, we have 
(1) the acid form of the indicator, H In (2) the bnsic form of the indicator 
In - (3) the complex between the acid form of the indicator and the surface 
active ion H In. .W- And (4) the complex between the basic form of the 
indicator and the surface-active substance In,W~ These are m equi¬ 
librium. If activity coefficients are not taken into account and if the influence 
of micelle formation is assumed to be negligible, the following relationship 
can be formulated The theory would be applicable to the region wherein 
micelle formation does not set in or in cases where micelle formation would 
not effect the general behaviour of the system. Let the total concentration 
of the indicator be c, Let a fraction a be in the free basic form and a frac¬ 
tion 0 in the free acid form Applying the law of mass action to complex 
formation, we get 

[In.. W-] = *!<., o{cw—[In- W-J} 
where ft, is a constant. 

Similarly, 


where k» is a constant. If x and y arc the true and apparent pH values res¬ 
pectively, we get, 
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k t c,ac w - 


I + 


and 


= [Wetting agent—basic form complex] 
k i c > a ~ [Free wetting agent] 

[Wetting agent—acid form complex] 
k 1 c ’ " ~ [Free wetting agent] 


These quantities are small as compared with unity since only a small 
fraction of wetting agent forms the comp'ex Thus, equation (1) gets 
reduced to, 

( 2 ) 


a i rto . , + /c * c » 


2 Thymol Blue-Igepon T system —(i) The data obtained with the 
Igepon T-thymo) blue system, are found to be in very good agreement with 
the above theory, as can be seen from Tables I and II Equation (2) has 
been used for calculating the theoretical values The values of and k t 
have been determined by making use of two of the experimental values of 
the pH shift 

Apart from the fact that the experimental values can be fitted into* the 
equation, it is to be pointed out that there are other interesting features in 
the experimental data to show that the theory adequately accounts for the 
experimental results — 

Igepon T being a sulphonaU. gives a surface-active ion which is negatively 
charged The indicator thymol blue in the acid range has the basic form 
negatively charged and the acid form uncharged The acid form conse¬ 
quently gives rise to a stabler complex Moreover, owing to the Debye 
effect tn. negative surface-active ion induces a high local concentration of 
H+ ions in the neighbourhood of the complex Thus the proportion of 
acid form in the complex would be very high. In equation 3 therefore *, 
would be much smaller than k , This is found to be the case. 


(0 01 N bufler k t = 2 8, k t ~ 968, 
0 1 N buffer k l - 19, k t > = 706) 
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(ii) At sufficiently high concentrations of the wetting agent, complex 
formation may be more or less complete, and consequently the pH shift 
would be practically independent of concentration This has been found 
to be the case 

Oil) At low values for k x c w . equation 3 becomes, 

- A pH = log 10 (1 + k t cj (3) 

It can be deduced from equation 3 that if a pH shift of 0-3 is proouced 
by a certain concentration c, of the wetting agent (a) a shift of 10 unit 
would be produced by a concentration 9 c t and (A) a shift of 2 0 units would 
be brought about by a concentration 99 c, These conclusions hold within 
the limits of the experimental error in the experiments with 0 01 N buffer 
solutions With 0 1 N buffer solutions also the relation (a) is satisfied 
The relation (At is not obeyed since k t c v becomes comparable with unity 
when c„ is equal to 99 c x 

3. The bromphenol blue-Igepon T system —It is known that the acid 
form of bromphenol blue has a single negative charge while the basic form 
has a double negative charge According to Hartley, there should be no 
shift in pH with this indicator, when a surface-active substance of the type 
of Igepon T (which has a surface-active anion) is added * Hartley based 
his conclusions on the idea that complexes between like charged molecules 
was unprobable But, the experiments recorded in this paper show that 
there is a considerable displacement of pH m the present case This shows 
that m spite of the electrical repulsion between like charged molecules, 
complex formation between them does occur owing to the strong attractive 
forces betwee* the hydrophobic portion of the wetting agent ion and that 
of the indicator ion. It may, however, be expected that complex formation 
would be relatively low, this would be especially true of the basic form which 
bears two negative charges One may therefore apply equation 3 which 
corresponds to the existence of the complex only with the acid form The 
calculated values of - A pH on the basis of this equation and the corres¬ 
ponding experimental values are given in Tables III and IV. An examina¬ 
tion of the tables shows that the experimental data support the theory. The 
other interesting features which support the thocry are’— 

(a) The values of k t for bromphenol blue are much lower than the 
corresponding values for thymol blue showing that complex formation is 
much less in the former case. This is but to be expected since the acid form 
of the former indicator which forms the complex is negatively charged, 
whereas that of the latter indicator is uncharged. 
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(ft) For the reason indicated above, the complex formation with brodrt- 
phenol blue may be expected to be incomplete even at very high concentra¬ 
tion of the wetting agent This is in agreement with the experimental data 

(c) The conclusions drawn from equation 3 for thymol blue, also hold 
for bromphenol blue The concentration of wetting agent required to effect 
a shift of unity in pH is about 9 times the concentration required to cause a 
shift of 0-3 unit 

(d) The shift in pH is found to be practically independent of indicator 
concentration 

4 Efleit of tonic strength on the pH shift —A comparison of tables 
I and II shows that an increase in ionic strength diminishes the pH shift m 
the case of thymol blue At lower concentrations of wetting agent, the effect 
of salts is small whereas it becomes considerable at high concentrations 
The effect can be quantitatively treated on lines similar to the treatment 
of neutral salt effect in reaction kinetics* The exact magnitude of 
the effect however cannot be calculated since the value of ft in the equation, 
of Bronstcd* is not known for the diflerennt molecules Due to the 
“ a terms ”, however (which correspond to the zeta potential effect of 
Hartley) k t would increase whereas k t would be unaffected Experimen¬ 
tally this is found to be approximately the case. This explains, in fact, why 
at low concentrations of the wetting agent (where k t does not enter the 
equation), the effect of ionic strength is small It is of interest to note that 
kj does decrease to some extent with increase of ionic strength This 
decrease of the value of k t shows that the life of the complex from the acid 
form of the indicator is appreciably decreased by increase in the ionic 
strength. This is somewhat surprising since the acid form of«thymol blue i 6 
known to be uncharged (from the simple theory of the neutral salt effect) 
and should not be affected by ionic strength It is to be noted however that 
the acid form of the indicator has a “ Zwittenon ’’ constitution and the 
observed effect only shows that the wetting agent ion is nearer to the positive 
charge of the ‘‘Zwittenon*’ than to the negative charge, this is but to be 
expected in view of the flexible nature of the hydrocarbon chain in Igepon T, 
which would help the orientation of its charged end to a position of mini¬ 
mum potential energy 

At high concentrations of Igepon T where the complex formation is 
more or less complete, a change of ionic strength from 0-034 (in 1 per cent, 
solution of Igepon T in 0 01 N buffer) to 0-12 (in 1 per cent, solution of 
Igepon T in 0 1 N buffer), decreases the pH shift by about 0-6 unit. It is 
of interest to note that this corresponds very nearly to the effect of ionic 
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strength (c.a. 0-55 unit) observed by Hartley in the system investigated by 
him (indicator: diphenylazo-o-rutrophenol; surface-active substance: 
triethanol-ammomum cetane sulphonate) This shows that the changes in 
potential in the neighbourhood of the complex brought about by salts are 
almost the same in the two systems 

A few experiments were tried with a view to get the maximum possible 
pH shift. It was possible to get as high a shift as 2-4 units by having the 
wetting agents at a concentration of 0-2 per cent m water and adjusting 
the pH to 4 2 (quinhydrone electrode) by adding acetic acid. 

With bromphenol blue, increase in ionic strength increases the pH shift. 
This surprising feature is just the opposite of what has been observed in the 
present work with thymol blue and by Hartley and Roc with diphenylazo- 
o-mtrophenol. This effect can be explained as follows —As is already 
pointed out, the basic forms of the indicator which bears two negative 
charges, does not form any complex at all due to strong electrical repu’-ion. 
Increase of ionic strength no doubt decreases electrical repulsion; bu. the 
repulsion is yet too strong (at ionic strength =» 0-1) for any complex forma¬ 
tion Thus the basic form does not play any role in bringing about the 
observed effect For the same reason the observed pH changes are entirely 
determined by k, and follow equation (4) Complex formation of the acid 
form of the indicator however, is enhanced by the increase in ionic strength 
due to diminution in the electrical repulsion and thus causes the observed 
effect 

5. A Tekal BX-Thymol Blue System -An examination of the data in 
Tables 5 and 6 shows that the theory worked out for Igepon T is not applicable 
to the present system In the present case there is a certain concentration 
of the wetting agent at which the pH shift begins to increase considerably 
with concentration. This concentration value is 0-2 to 0 3 per oent. with 
0-01 N buffer and 0 04 to 0 08 per cent with 0 1 N buffer. There is a 
striking coincidence between these values and the micelle formation con¬ 
centrations got from surface tension studies 4 ^/*, 0'07 per cent inO'IN 
buffer and 0 27 per cent in 0 01 N buffer) In this system the micelles 
appear to be much more effective than the single molecules in bringing about 
the pH shift. The complex formation is not as strong as with Igepon T 
since Nekat BX is relatively a short molecule and the electrical repulsion 
between tbe two negatively charged portions in the complex is consequently 
strong. 

6. Nekal BX-Bromphenol Blue System .—'The displacement of pH in 
the above system is very small This is to be expected for (a) Nekal BX i$ 
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a short molecule and hence electrical repulsive forces would be strong 
rendering the complex relatively unstable and (b) bromphenol blue having 
both the forms negatively charged would not be taken up by the wetting 
agent to any large extent Since the shift ts very small, no discussion of 
the quantitative aspect is possible It may, however, be pointed out that 
the shift is marked, only at concentrations higher than at which micelle 
formation has occurred. 

7. Wetting power and pH shift. —Since wetting action and the pH shift 
both involve the union of hydrophobic portions, it may be expected that 
there should be a general correlation between pH shift and wetting power 
An extensive investigation is desirable from this punt of view The observa¬ 
tions in the present work show that Igepon T is a much better wetting agent 
than Nekal BX, a conclusion which is also supported by surface tension 
studies*. 

Summary 

1. There is an apparent shift towards the acid side in the pH of 
buffered solutions as measured by the use of the indicators, thymol blue and 
bromphenol blue when wetting agents like Igepon T and Nekal BX are 
present in the system 

2 Igepon T shows a very large shift with thymol blue. Under favour¬ 
able conditions the shift may be as large as 2-4 units, an efTect much bigger 
than what has been reported in literature so far for any system; Nekal BX 
shows less of the pH shift Both the wetting agents affect bromphenol blue 
to a smaller extent 

3. A quantitative investigation of the phenomenon has been made 
A theory has been put forth, based on the formation of a complex between 
the wetting agent and the indicator to account quantitatively for the effect 
of concentration of the wetting agent on the pH shift. 

4 Igepon T shows a marked shift with bromphenol blue as well 
This forms a clear exception to the sign rule of Hartley. 

5 Increase in ionic strength decreases the pH shift with thymol blue 
as it is the case with the system worked by Hartley and Roe When brom¬ 
phenol blue is used neutral salts produce an opposite effect An explanation 
is offered which account for these diverse results 

6. The variation of pH shift with concentration of Nekal BX with 
thymol blue indicates that micelle formation of the wetting agent occurs 
father suddenly. 
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7 The possible relationship between the pH shift and wetting power 
is pointed out 
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IN Part I 1 were described certain earlier experiments which could not be 
continued due to the war and the dislocation of our laboratories. It was, 
however, shown that kanugin is a flavone derivative giving the characteristic 
colour reactions and that it has a resorcinol unit since it yielded p-methoxy- 
salicylic acid on oxidation with permanganate or decomposition with alkali. 
The reaction with hydriodic acid could not be explained as simple demethyla* 
tion since nor-kanugm did not regenerate kanugin on re-methylation but 
yielded a different substance Further work has now been possible and 
particulars regarding the complete constitution of kanugin are described in 
this paper. 

Subsequent to our last publication it has been found that in the root 
bark of Pongamia glabra kanugin is accompanied by another related sub¬ 
stance and careful and repeated crystallisation is necessary m order to remove 
it and obtain kanugin quite pure The second component seems to be more 
in abundance in thicker and more mature roots that have been used in later 
work. Consequent on this thorough purification, the melting point of 
kanugin has been raised to 203-05° and its analysis is found to agree more 
closely with the formula C l!( H„ 07 . Further with concentrated sulphuric 
acid and a crystal of gallic acid it gives a bright green colour characteristic 
of a methylene-dioxy grouping. 

Degradation with alkali has been investigated in detail. A repetition 
of the fission of kanugin with aqueous potash has yielded two acid products 
which could be separated by means of their marked difference in solubility 
m water. The less soluble one is identified as mynsticic acid by analysis, 
colour reaction, and by comparison with an authentic sample prepared 
starting from oil of nutmeg. The more soluble portion is found to be the 
same as the impure form of p-mcthoxy-salicylic acid mentioned in Part I. 
This identification has been confirmed by the convertion of the product 
into the 5-bromo-denvalivc and subsequent esterification to form the methyl 
ester of 5-bromo-4-mUhoxy-salicyhc acid These derivatives could be 
easily obtained pure since they are sparingly soluble, and they arc found to 
be identical with authentic samples prepared from synthetic 4-methoxy- 
sahcylic acid. 

69 
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Constitution of Ktmugtn—II 

Degradation using absolute alcoholic potat>h has gone much better and 
yielded myristicic acid and w: 4-dimethoxy-2-hydroxy-acctophenone jn good 
yields. From these results it is clear that kanugin is a robinetm derivative 
and that it has a methylenedioxy group m the 3' • 4'-positions, the other three 
hydroxyl groups being protected by methyl groups (I) 



The above constitution explains the peculiar results obtained by the treat¬ 
ment of kanugin with hydnodic acid and the re-methylation of nor-kanugin. 

When purified kanugin is employed, the nor-kanugin obtained has 
slightly different properties from those already recorded. It is a yellow crystal¬ 
line substance melting at about 325° with decomposition and its composition 
corresponds with the formula Ck,H, 0 Ot Its pentamethyl ether melts at 
148-49° and its penta-acetate at 223-25° Its identity with robmetin has 
been established by comparison with a synthetic sample obtained by the 
method of Allan and Robmson, starting from w-roethoxy resacetophenone 
and the sodium salt and anhydride of O-trimethyl gallic acid, followed by 
demethylation.* Mixed melting point determinations of the flavonols and 
their derivatives have been made as also a comparison of the colour reactions 
of the two samples under identical conditions. The data are presented in 
the following table. 
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Property 

Nor kanagm 

Robinetin 

1, Mel ring point of the flavonol . 

3. Colour tnth FeCIi 
a Precipitate with lead acetate 

4 Colour change* at pH 11 

320-25* 

I Rpd 

Quickly dissolves to * v 
emerald green In 10 Hcconc 

320-»n o 

Dark olive brown 

Red 

pllow volution, »° 


pare blue, changes furthor to violet and WMiy pina, 
resembling alkaline phenolphthalein This toloor is 
stable for an hour and fades to brown through brown 

6. Melting point of the methyl ther 
t Melting point of the acetate 

** "iW’lfl 4 ln o 148-19- 
223-25° 

| 145-36° ami 148-49° 

223-25° 


Some samples of the pcntamethy! ether of nor-kanugm (natural) and of 
robinetin (synthetic) have been found to be melting at 148-49° and some 
others at 135-36° But in the latter case, when the melt is allowed to solidify, 
the solid subsequently melts at 148° A mixture of the low and high melting 
samples melts only at 148° It may therefore be concluded that there are 
two forms of the solid methyl edit r having two different melting points 

In the constitution of kanugin given above, two important features 
should be noted Kanugin belongs to the small number of naturally occurring 
anthoxanthin derivatives in which all the hydroxyl groups are protected. 
But the more important point is the use of a methylene group for this pro¬ 
tection, this being the first instance where this group has been found in the 
flavone series 

It may be interesting to compare the crystalline flavonol components 
present in the different parts of the Pongamia tree The seeds* contain 
karanjin which may be considered to be a derivative of 3.7-dihydroxy-flavone, 
ie, derived from resorcinol Thu constitution of the other crystalline 
substance pongamol, also present in the seeds, is not yet clearly known. 
K em p ferol is found in the flowers 4 It is also a flavonol but is derived from 
phloroglucinol The constitution of pongamm which is found in very small 
amounts m the flowers is still unknown The root bark* contains kanugin 
which is again a flavonol derived from resorcinol but the side-phenyl nucleus 
is in a higher state of oxidation Another noteworthy feature is that in the 
flowers the protection of the hydroxyl groups is the least whereas in the roots 
it is complete ; an efficient mechanism should therefore be available in this 
part of the plant for this protection 

Experimental 

Kanugin 

The sample of kanugin obtained from the root bark of Pongamia glabra 
was crystallised using excess of alcohol in which it is sparingly soluble, the 
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light colourless crystalline solid that was produced after two crystallisations 
melted between 196 and 200° For further purification it was again crystal¬ 
lised twice using a mixture of alcohol and acetic acid. It then came out as 
colourless brittle rectangular plates and needles with a pearly lustre melting 
at 203-05° Further crystallisation did not raise the melting point [Found: 
C, 63-8; H. 4-7; OCH,, 25-8; C„H„0, requires C, 64 0; H, 4*5; 
OCH,(3), 26*1%]. It dissolved in concentrated sulphuric acid to give 
a bright yellow solution and the colour changes and fluorescence were exhi¬ 
bited as reported previously Even an alcoholic solution gave a blue-violet 
fluorescence; with magnesium and hydrochloric acid a brilliant scarlet red 
colour was produced When gently warmed with a solution of gallic acid 
in concentrated sulphuric acid, a deep emerald green colour was obtained 
m 10 seconds 

Alkaline Hydrolysis of Kanugm 

(1) Using aqueous alcoholic potash — Kanugm (0 5 g ) was dissolved in 
aqueous alcoholic potash (alcohol 40c.c, water 40 cc. and potash 5 g) 
and the solution boiled under reflux for 6 hours in an atmosphere of hydrogen. 
It was then cooled, acidified with hydrochloric acid and the alcohol distilled 
off under reduced pressure The residue was then extracted repeatedly 
with ether The ether solution was then shaken first with aqueous sodium 
bicarbonate in order to separate acid products (A) and subsequently with 
dilute sodium hydroxide to remove phenolic components (B) Neutral 
products would then be left in the ether solution (C) (B) and (C) were 

found to be insignificant in amount and were not further studied. 

On acidifying the bicarbonate extract a solid separated out. This was 
washed with water and marked (D) By ether-extracting the solution the 
more soluble part was isolated (E). When (D) was crystallised from dilute 
alcohol it melted at 212-13° and had the appearance of long rectangular 
plates and prisms with a tendency to taper at the ends (Found: C, 55-3; 
H, 4 4; OCH* 16 3; C^.O, requires C. 55 1; H, 4 1 and OCH„ 15*8%). 
It formed a yellow solution in concentrated sulphuric acid; when a crystal 
of gallic acid was added and the solution gently warmed the colour changed 
to bright emerald green and finally to a stable pure blue The mixed melting 
point with an authentic sample of mynsticic acid prepared from oil of 
nutmeg was not depressed 

When (E) was crystallised from boiling water it yielded a colourless 
crystalline product (flat needles) which had an indefinite melting point 
( 130 - 45 * 1 , gave a purple colour with feme chloride and had all the properties 
pf a similar sample (4-methoxy-salicyhc acid) already reported ip Part I. 
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The substance (0-2g) was dissolved in glacial acetic acid (3cc.) and 
treated with a slight excess of a solution of bromine in acetic acid. The 
solution was rapidly decolourised and on keeping the mixture for a few 
hours at 0° a crystalline solid separated out It was filtered and washed 
with a little water. Since it was very sparingly soluble in solvents it was 
purified by boiling with glacial acetic acid It then melted at 258-59° with 
sintering a little earlier and had the appearance of small rectangular plates 
(Found- C, 38 8; H, 3 1; C,H,0 4 Br requires C, 38 9; H, 2 8%). It 
was identical with a sample of 5-bromo-4-methoxy-sahcylic acid prepared 
from a pure sample of 4-methoxy-salicylic acid. 

The bromo acid was tstenfied by boiling with anhydrous methyl alcohol 
and a little concentrated sulphuric acid for 12 hours On allowing to stand 
overnight crystals of the ester separated out When recrystalhsed from 
methyl alcohol-acetic acid mixture it came out m the form of rhombohedral 
plates melting at 145-46°, agreeing with the description of the ester by Potter 
Rice* who obtained it by a different method 

(2) Using absolute alcoholic potash —Kanugtn (0-75 g ) was treated with 
absolute alcoholic potash (30 cc of 8% solution) and the mixture refluxed 
for 6 hours under anhydrous conditions The solid did not go into solution 
easily and only after 2$ hours solution was complete After 6 hours, the 
solvent was completely removed, water (30cc) added and the solution 
filtered through a plug of cotton-wool When the filtrate was acidified, a 
crystalline solid separated in good yield The solution along with the solid 
was extracted with ether twice and the ether solution shaken with aqueous 
sodium bicarbonate to separate the acidic component (A) The ether layer 
was finally washed with water and evaporated The residue was a liquid 
which soon solidified. It was filtered, washed with a little water and crystal¬ 
lised twice from hot water when it came out as colourless thin rectangular 
plates melting at 65-67°. Mixed melting point with an authentic sample of 
<u; 4 -dimethoxy- 2 -hydroxy-acctophenone was undepressed. It gave a reddish 
brown colour with ferric chloride and did not respond to the methylenedioxy 
group test The 2:4-dmitrophenyl-hydrazone of the ketone prepared in the 
usual manner was crystallised from ethyl acetate, when it came out as 
bright red rectangular plates It melted at 218-20° alone or when admixed 
with the 2. 4-duntro-phenylhydrazone of synthetic to: 4-dimethoxy-2* 
hydroxy acetophenone 

On acidifying the bicarbonate extract (A) with hydrochloric acid a 
crystalline solid was obtained. It was filtered, washed with a little water 
gnd purified by crystallising twice from methyl alcohol from which it sepa- 
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fated as big rectangular prisms with a tendency to taper at the ends and 
melting at 212-14° This was identical with mynsticic acid obtained in the 
other method of hydrolysis 

Demethylation of Kanugin Nor-Kanugin ( Robinetln ) 

A solution of kanugin (0 5g) in phenol (3cc) was treated with 
hydnodic acid (lOc.c of d 17) The mixture was heated at 150-60° for 
1 hour It was then cooled, diluted with water (50cc) and free iodine 
decomposed by means of sodium sulphite The yellow solid that separated out 
was filtered, washed repeatedly with hot water and purified by crystallising it 
from aqueous alcohol when it came out as yellow rectangular plates, melting 
at 320-25° with decomposition (Found in the air-dned sample C, 55 9, 
H, 4 1; CijH i 0 O 7 , H f O requires C, 56 2, H, 3 7%) The compound was 
sparingly soluble in hot water and moderately in alcohol and acetic acid. 
Its alcoholic solution exhibited a brilliant green fluorescence It gave a dark 
olive green colour with ferric chloride and a red precipitate with lead acetate 
in alcoholic solution In concentrated sulphuric acid it dissolved to form a 
yellow solution without fluorescence 
Nor-Kanugin Acetate 

The acetate of nor-kanugm was prepared by boiling it (0 1 g.) with 
acetic anhydride (3 c c) and a drop of pyridine for an hour and a half. The 
anhydride was then removed under reduced pressure and the white solid 
left behind was purified by crystallisation from absolute alcohol It came 
out in the form of colourless narrow rectangular prisms, melting at 223-25° 
The mixed melting point with a sample of the acetate of robinetin was not 
depressed (223-25°). 

Nor-Kanugin Metkyl Ether 

A solution of nor-kanugm (0-1 g) in anhydrous acetone (25cc.) was 
treated with dimethyl sulphate (0 3cc) and anhydrous potassium carbo¬ 
nate (2 g.). After refluxing for 8 hours, the potassium salts were filtered off 
and the residue washed with a little acetone When the solvent was dis¬ 
tilled off, the methyl ether was obtained as a white crystalline solid. It was 
purified by crystallisation from alcohol when it appeared as narrow rec¬ 
tangular plates melting at 148-49°; the mixed melting point with robinetin 
methyl ether (synthetic) was undepressed (Found in the air-dried sample: 
C, 61-9; H, 6 0; OCH„ 38 9 and loss on drying in vacuo 5 0 C*H M 0 7 , 
H t O requires C, 61 5; H, 5 6; OCH, 39 7 and H»0 loss 4 6. Found 
in samples dried at 110° in vacuo. C, 64 9, H. 5 5; C tt H M 0 7 requires 
€, 64 5; H, 5-4%) 
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Summary 

Kami gin QoH^O, yields mynsticic acid and p-mahoxy salicylic acid 
when decomposed with aqueous alcoholic potash and myristicic acid o»:4- 
dimethoxy-2-hydroxy-acetophenone when decomposed with absolute alcoholic 
potash. Nor-kanugin has been identified as robinetm by a comparison of 
the flavonols and their derivatives It is, therefore, concluded that kanugin 
is 3:7: 5'-trimethoxy-3' • 4'-methylenedioxy-flavone. The crystalline compo¬ 
nents of the seeds, flowers and root bark of Pongamta glabra are compared 
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A NOTE ON SPECTRAL INTENSITY CHANGES IN 
HIGH-FREQUENCY GLOW DISCHARGE IN AIR 

By N R Tawde, F A Sc , and G K Mehta 

(Physics Laboratories, Royal Institute of Silent c, Bombay) 

Received Scptcinbei 20. 1945 

Asundi and J. Singh 1 have recently drawn some important conclusions about 
the relative strengths of the first positive and second positive band systems 
of nitrogen excited by b f discharge m rarefied dir They observed a change 
in the colour of the glow when the frequency ot oscillation was changed 
This happened abruptly at a critical frequency of 735 k c. below which ifie 
first positive system is stronger than the second positive system and above 
which the reverse is true The change m colour is attributed by them to 
the change in intensities ot these two band systems. 

The authors have referred to the work of Brasefield* who has investi¬ 
gated the variations in the electron velocity in the h f discharge He extra¬ 
polated the velocity of the exciting electrons in the h f discharge from the 
curves (got from independent experiments) representing the variation in the 
ratio of the intensities of two neighbouring lines with the uniform velocities 
of the electrons employed for excitation This method will be correct if 
the discharge gives rise to uniform electron velocities. This is not true as the 
electrons undergo a velocity distribution in the h.f discharge Thus it is 
not possible to draw any quantitative conclusion regarding the mean electron 
velocity from the above method The deviations of Brasefield’s results from 
the actual values of the electron velocities, occurring in the h f. discharge, 
cannot be estimated unless some new method is tried which takes into consi¬ 
deration the distribution of electron velocities The general conclusions 
about (1) the increase in electron velocity with the decrease in the frequency 
of oscillation; (2) the increase in electron velocity with the increase in excita¬ 
tion voltage; (3) the decrease in electron velocity with the increase in pressure, 
may be true but no qualtitative conclusions arc possible 

Asundi and J Singh have assumed that the output voltage of the oscilla¬ 
tor was constant for all the frequencies This is contrary to our experience 
of Hartley circuits The output voltage vanes considerably with the change 
in frequency At the same time the conductivity of the discharge being 
different at different frequencies, the load on the oscillator will vary at 
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different frequencies and may cause a change in the output voltage It is 
known that unless the Hartley circuit is meant to deliver a considerably high 
power the output voltage changes with the load. Data with regard to the 
modified Hartley circuit used by Astmdi and J Singh giving a constant 
voltage output at different frequencies and loads would have facilitated the 
correctness of the above assumption It would have been better if the 
constancy of voltage was checked and its absolute value noted. These condi¬ 
tions being not defined, it is quite likely that the change in the electron velo¬ 
city which is responsible for the change in ihc relative intensilies of the two 
band systems may be due partly to the change in voltage and partly to the 
change in frequency or to the change in voltage only. 

Agam there is no mention of the pressure at which the investigations 
were made and this is a very significant factor According to Brasefield’s 
simplified mechanism of the h f discharge, a decrease in frequency wiU 
increase the electron velocity, because the time for which electric force will 
act on the electron will be longer at lower frequency If this is correct, then 
with a known change in frequency the resulting change in the electron velocity 
will depend on the mean free path of the electron and thus on the pressure. 
This change in electron velocity with a known change in frequency will also 
depend on the voltage of excitation as the velocity will depend on the electric 
force acting on it. Thus for a particular applied voltage, there will be a 
pressure above which a change in frequency will not change the electron 
velocity This will be when the m f p for the electron will be smaller than 
the distance travelled by it in the time of half a cycle at the highest frequency. 
Asundi and Pant* have also observed that the phenomena get complicated 
at high pressures. This is due to the small m.f p. of the electrons at high 
pressures 

A phenomenon of the colour change m the glow of the h.f discharge 
in air was lately observed by us while doing probe study of the h.f discharge 
The frequency range was higher than that used by Asundi and J. Singh 
(4 to 15 m.c.), A sudden change in colour was observed when the pressure 
tn the discharge tube was being lowered. The change was abrupt at a certain 
pressure The value of this critical pressure was found to vary with excitation 
voltage as well as the frequency. In view of this, it appears that the change 
in colour is a complicated phenomenon associated with several parameters 
like pressure, frequency, excitation voltage, etc As an example, the follow¬ 
ing Tables I and U will give an idea as to how either of these parameters is 
susceptible to change with variation m the other The observations given here 
were with a cylindrical tube having external sleeve electrodes, 
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Table 1 Tablb 11 



The tube was connected through drying system and oil manometer to a Ctnco 
Hyvac pump The discharge was excited by h f oscillations from a Hartley 
circuit, the frequency of which was changeable from 4 to 15 megacycles. 
The h f voltages were measured by a thermionic voltmeter specially designed 
for the purpose. The frequency was measured by a General Radio absorption 
type of wavemeter. Table 1 gives the variation of critical pressure with fre¬ 
quency of oscillation at two excitation voltages, while Table II shows its 
variation with the voltage at two different frequencies 

We agree that the relative changes in the two band systems as observed 
by Asundi and J Singh may have been brought about by a change in electron 
velocity, but whether the critical velocity can be attributed to a change in 
frequency alone is a doubtful point in the absence of data about the other 
variables For some time we have been investigating several other aspects 
of h f discharge quantitatively, the results of which will be communicated 
in due course. 
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RADlATtbN BALANCE OF THE LOWER 
STRATOSPHERE 

Part I. Height Distribution of Solar Energy Absorption 
in the Atmosphere 
By R. V Karandikar, M.Sc 
Received November 10,1945 
(Communicated by Dr K R Ramsnathan, fa sc) 

Abstract —A study of the radiation balance of the atmosphere involves 
the determination of the absorption and emission of radiant energy due to 
the different constituents of the atmosphere In the stratosphere below 
50 km., these arc mainly ozone, CO, and water vapour The major part of 
the absorbed energy is from solar radiation, the actual absorption at different 
levels being determined by the absorption coefficients of these gases and their 
vertical distributions In this paper, a detailed survey is made of all the 
available data and of the recent methods developed for using such data, 
and after proper selection, curves are prepared giving the solar energy 
absorbed by different quantities of O a , CO, and HA These are used to 
calculate the absorption of solar energy per unit volume and per unit mas* 
in different 2 km. layers for certain vertical distributions of the constituents. 
It is seen that the mass density of absorption due to ozone above 50 km. 
becomes much larger than that due to CO, and H,0 while in the region 
below 30 km„ they become comparable Water vapour becomes more and 
more effective as we approach the earth 

§ 1. Introduction 

The investigation of the important problem of radiation balance of the 
earth’s stratosphere involves the study of the absorption and radiation of 
energy due to the different absorbing constituents of the atmosphere. 
Gowan 1 has worked out in two papers the effect of ozone on the temperature 
of the upper atmosphere. At the time when he wrote his papers, little was 
known about the detailed height distribution of atmospheric ozone Later 
work by Gdtz, Meetham and Dobson,* Regener,' and the American workers* 
has provided important knowledge about this Penndorf* has used some 
of these results to calculate the heating and cooling of the ozonosphere. But 
he considered only the ultra-violet absorption due to ozone, without taking 
into account the visible absorption in the Chappuis band which also plays 
a part, and neglected the effect of carbon dioxide and water vapour. In a 
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later paper, Godfrey and Price* have investigated * the thermal radiation and 
absorption m the upper atmosphere ’ but have concerned themselves mainly 
with the ionosphere above 1001cm , where the mam absorbing constituent 
is oxygen. On the other hand, Elsasser 7 ' in his recent investigation of 
‘ the heat transfer by infra-red radiation in the atmosphere ’ mainly deals 
with the region below about 10 km., where water vapour is the predominant 
absorbing substance. As far as the lower stratosphere is concerned, it is 
clear that the absorption and emission of radiation is governed almost 
entirely by ozone, carbon dioxide and water vapour.* Oxides of nitrogen 
and some polyatomic gases like methane, ethylene, etc, which have some 
absorption bands, usually occur m variable and very small quantities and 
are probably unimportant Recent investigations of atmospheric absorp¬ 
tion in the infra-red by Adel and Lampland,* the study of the water vapour 
spectrum by Weber and Randall 10 and of CO, absorption in the infra-red 
by Martin and Barker, 11 and the development of methods of using such data 
introduced by Schnaidt. 1 * EJsasser, 7 Callendar, 1 * and Strong 1 *- 1 * supply 
important material for a reconsideration of the subject 

The total inflow of radiant energy from different sources mto any layer 
of the atmosphere consists of ( 1 ) the incident solar radiation, (u) the terrestrial 
radiation from the surface of the earth, and (in) the radiation from the differ¬ 
ent atmospheric layers above and below the layer under consideration, which 
depends upon their composition and temperature The loss of radiation 
by the layer consists of the radiation from both sides of the layer, assuming 
it to radiate at its temperature in those regions where it has selective absorp¬ 
tion and in proportion to its effective absorption coefficient The difference 
between the absorption and emission by the layer will give the net radiation 
used up in heating the layer, and if there is radiation balance, this quantity 
will be zero. This is equivalent to the condition that at any level in the 
atmosphere where there is radiation balance, the incident solar energy flux 
is equal to the net upward flux due to radiation from all the gaseous layers 
and the earth 

The investigation therefore can be divided mto the following sections •— 

(i) An examination of the nature and amounts of the different absorbing 
pm at different levels in the atmosphere. We shall confine our attention 
to the region below 50 km. 

(ii) Collection and selection of the necessary data regarding the 
absorption coefficients of the constituent gases throughout the spectrum. 

(iii) Calculation of the vertical distribution of solar energy absorption 
in the atmosphere. 
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(jv) Preparation of radiation charts for the three mam gases (ozone, 
carbon dioxide and water vapour) of the atmosphere below 30 km., suitable 
for calculating the net radiation from a given column of absorbents 

(v) Calculation of the equilibrium temperatures for known vertical 
distributions of ozone like those at Troms^, Arosa, Poona, etc , and assumed 
distributions of CO, and water vapour 

It is the purpose of this paper to consider the absorption side of the 
problem, covering the first three items The radiation side and the linking 
up of the two sides will be taken up later in two papers. 

$ 2 The Solar Energy Curve 

The solar energy received at the earth is a parallel beam radiation The 
intensity of the incident solar radiation outside the earth’s atmosphere is 
calculated by using Planck’s relation on the assumption that the sun radiates 
as a black body at 6000° K. This gives the total energy radiated out from 
unit area of the sun’s disc as 

R =cT* = 1767 6 cal. cm-‘sec -1 

The energy received at the outer limit of the earth’s atmosphere will be the 
solar constant, S, and is given by 

S --=R r'/D‘ =2 306cal cm"*min-*, 
where r is the sun’s radius and D the earth’s mean distance from the sun. 
This is considerably higher than the observed value, v/z, 1 925 cal cm. - * 
mm.- 1 , the mean value given by Abbot 16 Abbot’s value is however obtained 
neglecting the absorption of solar energy by ozone in the ultra-violet 
(Hartley) band which is about 6 26% Including this, S becomes 2-045 
cal. cmr 3 mm Still there is discrepancy between this value and the above 
calculated value This is due either to the sun’s assumed effective tempe¬ 
rature (6000° K ) being too high, or the fact that the sun might not be 
radiating strictly as a black body. 1 ’ In all further calculations, the sun is 
taken as a black body at 6000° K. and the solar constant as 2 045 cal. 
cm~* min." 1 , which is Abbot’s value corrected as mentioned above; thus 
the solar energy received by one sq cm at the outer limit of the earth’s 
atmosphere ts given by simply multiplying the corresponding energy radiated 
from one sq cm of the sun’s disc by the factor: S/R - 1 929 x 1(H. 
This is equivalent to taking the effective temperature to be nearly 5823 ° K. 
for the total radiation and, rather inconsistently, to be 6000° K for the 
distribution of radiant energy m the solar spectrum Any error that might 
be caused in doing so will be of a numerical nature, and can easily be cor¬ 
rected by making a corresponding slight change m the above multiplying 
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factor. Tables I, II, III give the solar energy contained m the different 
absorption bands of ozone, CO s and water vapour, as it is received at the 
outer limit of the earth’s atmosphere. 

§ 3 Ozonb Bands 

(1) Ultra-violet (Hartley ) Band . 2000-3300 A —(a) Data by Meyer, 18 
Lttuchli, 18 Fabry-Buisson,* 0 Ny Tsi-Ze and Choong" are available Those 
by the last named authors (Fig 1) were used as being the most detailed 



The curve gives the decimal absorption coefficient a per cm of ozone at 
N T P at different wavelengths, Beer’s law (I = I 0 x 10-") being assumed 
to hold for each wavelength Curves were prepared, using Beer’s law, 
giving absorption from wavelength to wavelength due to known quantities 
of ozone The transmission curves showing how the incident solar energy 
curve gets modified due to passage through different quantities of ozone 
are given in Fig 2 Graphical integration of similar absorption curves 
gave the solar energy aborption for each quantity of ozone, from 
which a general curve (Fig 3) was obtained, and this was used for further 
calculations. 

(i) Alternative method.—Chapman** in his paper on “The atmospheric 
height distribution of band-absorbed solar radiation ” suggested that the form 
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Flo 1 Intensity of solar radiation In the Henley bend after passage through different thlck- 
oeseet of orone in the earth's atmosphere 

Unit of J»</A«cal cm -• sec "> 

of the absorption curve can be expressed by the normal error equation: 

a — Of ( 1 ) 

where peak value of «, A* = wavelength corresponding to a a , and 
h determines the spread of the band which can be obtained by plotting* 
log o against (A - AJ* Then the fractional absorption at any wavelength A by 

Zcm. of ozone will be' 1 - e~ Z ^ % <X_X *' . where 2-303 o. If the 
solar energy curve in the region between A t <= 2000 A and A, =» 3300 A, 
(Ay < A, < A*), is assumed to be of the linear form S^k+mX, the total 
solar energy absorption by Z cm. of ozone in the band within the limits A, 
and A, becomes. 


* T H 'rh ' i and Fabty-Buisson plot log a agiinst a and give the following empirical 
formuhe for the region 2800-3350 A : 

logo - 17-58 - 0-0564-A 

log a - 16-74 - 0.0536-4 


.. (F.AB.) 
. <L> 
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FlO 3. Absorption of JoUr energy by Z cm of otone at NT P in the different bands 


E^|*j x (i-r 2?, ‘ ,,x " x ‘ > )rfA 
-J(*+mA)(l-e )dX 

The integral can be evaluatedf and shown to be. 
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t" m ( 2 ) 

where S! — 2T(— 1Y" 1 n f v ^ (v«A) +0(v/«B)], 

S, - r(-l )" +1 ^ - [e-"*-r"»]. 

and p-l SZ, A = A*(A» — A,,)*, B= A* (A,— A,)*, J Xf - A + mA* 

and 4> denotes the error function given by <f> (*) = ~ J" e-i ’ 

The infinite series S t and S, in equation (2) can be evaluated by using 
tabulated values of <f> ( x ) and tr*. It is found/that S 2 is the main term, while 
S, is a correction term being the difference of two small and nearly equal 
quantities. E, was evaluated for different values of Z of ozone Three 
such values (for Z = 001 cm , 004 cm , -01 cm.) are shown by stars on the 
curve relating to the Hartley band in Fig 3, showing good agreement with 
the values obtained by the graphical method 

In Chapman’s paper referred to above, he gets the absorption of energy 
of radiation between wavelengths A and A + dX between levels m and m + dm, 
which is ^ dX, S A dX being the intensity of the incident beam at the level m, 
and then integrates it over the whole band. In this paper, we do not calcu¬ 
late the density of energy absorption directly, but only the energies absorbed 
by different finite masses Z cm of ozone when the incident energy J A is of 
the linear form assumed The multiplication of the terms J x and o A (due 
to differentiation with respect to m) does not therefore appear m our inte¬ 
grals The actual energy absorption in an atmospheric layer of finite extent 
will be found by getting the values of the energies absorbed down to the top 
and base of the layer, beginning at the outer limit of the atmosphere, and then 
talnn g their difference This quantity divided by the mass in the layer gives 
the mass density of energy absorption This is an elementary but practical 
way of gettmg the density of energy absorption in the different layers of an 
atmosphere of any arbitrary composition, the values obtained being averages 
over these regions. This will give equally good results if the layers are taken 
sufficiently small 

(c) It is assumed in accordance with the observations of Vassy** that 
there is no variation of absorption with pressure in the Hartley band. This 
has been recently verified by Strong, 14 
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(d) Data by Vassy“ show that the temperature effect is small and it has 
been neglected 

(2) Visible ( Chappuis,) Band: 4400-7600 A —This band has been studied 
by Colange," E Vassy,** A Toumaire-Vassy*’ m the laboratory, and by 
Cabaimes and Dufay* 9 and Fowle*® 0 in the atmosphere Absorption 
coefficients at 18° C (Fig. 4) from A, Toumaire-Vassy’s measurements quoted 



ChtppuU band, and 


The coefficient! are for a temperature of 18° C. ai 


in detail by OOtz*' were used Since this band lies m a region near the peak 
of the solar energy curve and is much wider than the Hartley band, it plays 
a not unimportant part in the absorption of solar energy Curves similar 
to those for the Hartley band showing the solar energy absorption by different 
path lengths of ozone were prepared (Fig. 3). 

It will be seen that the Chappuis band becomes important for ozone 
values higher than about 0-1 cm , l e., below about 25 km For places in 
high latitudes where the sun will be low for many hours, this band will play 
an important role This is clearly shown in Fig. 5, which gives the actual 
solar energy absorption at different levels in the atmosphere for an ozone 
distribution like that at Troms^ (Lat. 69°40' N.), for different zenith distances. 
It is interesting to note that the solar energy absorption curve for the 
Chappuis band closely follows the ozone distribution curve, since the energy 




SolarSptrg/ abtorbttj(Cal cm^stc') iolartniyy abiorbt*tfaltm'i 

Fia 5 Vert**! dluributloo of ozooe «i Troon* tod the corretpondhtg rttet of abtorptloo 
•oitr taergy m the Htrtiey tad Cbtppuii btndi for different zenith dtoncce » of 
the tun 

absorption varies practically linearly with ozone quantity even up to 1 cm 
of ozone. 

There are no measurements of the pressure effect on this band. The 
study of the temperature effect by E. Vassy 11 shows an increase of absorption 
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coefficient with decrease of temperature, being about 12% greater when the 
temperature is reduced from 20° C to - 40° C But the values given are 
only relative, Colange’s value for the maximum absorption coefficient at 
room temperature being assumed as 0 05. Cabannes and Dufay have also 
used Colange’s values to determine the ozone content of the atmosphere 
But the amounts of ozone they have thus obtained seem to be too high, 
suggesting that the absorption coefficients are too low Actually in the 
ozonosphere, lower temperatures than room temperature and hence higher 
values of the absorption coefficients have to be accepted The values which 
are quoted by Gdtz and used in our calculations are about 36% higher than 
Colange’s values This is a change on the correct side, though it may not 
be quantitatively correct A detailed experimental study with simultaneous 
observations both in the visible and the ultra-violet regions is still necessary 
to clarify the matter. 

(3) Infra-red Bands at 4 75#*. 9 6/xand 14 1 p —These are comparatively 
unimportant for the calculation of the absorption of solar energy, since the 
solar energy curve goes down rapidly in the infra-red This will be clear 
from Fig. 3 and Table I which give the solar energy contained in the different 
ozone bands and the relative absorptions produced by them. Still, the 
calculations were completed as they are useful for the consideration of the 
radiation side of the problem. 

Table I 


Intensity of solar radiation [E,]£| in the different ozone bands just outside the 
earth's atmosphere and the relative absorptions of energy 
Unit of infenalt; = l<T*c«l cm aac "* 


- i 

Range 

| t'jJj 

Enwgy abtored by Z c 
when kept at a ( 

^“^Z-Olcm' 

tn. of o«mt 
>rea»ure of 1 

: at N T.P. 
IS mb. 

Z-l cm. 

Hartley Bird 

Chnppuia Bind 
Infra-red 4*70 ft Hand 
9-9 ft „ 

U-l e „ 

2000-3300 | 
4400-7000 A 
4-80-4 90 ft 
9-S-lu l ft 

It O-IS-S ft 

213 5 
POO 8 

2 86 

0 88 

0 78 

IS 1 

O'08 

0 04 

0 014 

0 008 

80-3 

0 81 

O J3 
0-08 

0 08 

142 8 

8 08 

0*14 

0 06 

186 6 

77<4 

1 19 

0 39 
0-17 

Total tor all banda 

1817 9 

18-3 

| 87 3 

151 3 *88-7 


(a) For the 9-6 p band, Adel’s K curves on the atmospheric absorption 
measured at Lowell Observatory were used to calculate the absorption 
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coefficients (Fig. 6) by a method t of reduction and elimination, the effective 
pressure being taken to be 25 mb., which is roughly the pressure at the 
centre of gravity of atmospheric ozone. The recent values obtained by 
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a, the decimal absorption coefficient per cm of ozone at N.T P in the i-6 n Infra-red 
band calculated from the atmospheric measurements of Adel and Lampland. 


Strong 14 with the apophyllite residual ray apparatus gave a =>0-8 to 1-0 
per cm. of O, at N.T P. for a gas pressure of 25 mb. and these agree well with 
those deduced from Adel’s data All old curves gave extremely low values, 
for example K Angstrom’s 40 and Ladenburg and Lehmann’s 41 curves gave 
values of o to be 005 to -09 per cm of ozone, Gerhard’s 44 curves gave 
a « 004 to 019, and curves by Hettner and his co-workers 44 gave o-= 035. 

(b) For the bands at 4 75 ft and 14 1 ft, curves recently obtained by 
Hettner and his co-workers 44 are available. But the quantity of ozone 


} Out of the different senes of obaervations which Add gives for the atmospheric trans¬ 
mission In the region 8-11 y, senes A, B and E refer to the same air mast 1 6 but lo 
different water vapour contents, viz 41 5, 21-4 and 3 2 mm of ppt H^O. Detailed knowledge 
of the absorption due to CO, in the same region (8 -11 n) is available from Barker and Adel's 
paper (Phy K*v„ Vol 44. 185, 1933) The total orono content of the atmosphere was assumed 
to bo the same for the three senes, accepting Dobson's mean annual value for the latitude 
35- N of Lowell Observatory as 0-240 cm. al N T.P The total CO, oontent was also taken to 
be the same for the three series, accepting the value 240 cm at N T P. This enabled the effecta 

due to water vapour, CO, and ozone to be separated, so that by eliminating the effects of 

water vapour and CO,, the absorption due to ozone alone could be calculated at each wave- 
length. Fig. 6 gives the mean decimal absorption coefficient o obtained from the three senes, 
the rffoottve gas pressure being taken to be 23 mb which is the prteture at the centre of gravity 
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mentioned by these authors (30 cm. of ‘ practically pure * oaone under a 
pressure of 160 mm of mercury) seems to be too high If the values of the 
absorption coefficients obtained from Adel's and Strong’s observations at 
9 6 #4 are taken to be correct and Strong’s empirical fourth root law for 
pressure effect is adopted, this quantity would completely black out most 
of the 9-6 (i band Hettner’s curves however show as much as 5% trans¬ 
mission at the peak of the band. Elsasser 7 ' also in his paper expresses a 
doubt about this, but disposes of the matter by saying that the true amount 
may be different owing to the fact that the line-broadening effect of ozone 
upon itself may be different from that of air upon ozone But this is only 
a speculation According to Hertz,“ Eva Bahr 43 and others the line-broaden¬ 
ing effect due to the addition of air or of the pure gas obeys the square root 
law in the case of CO, and water vapour The only available laboratory 
data in the case of ozone are those by Strong who proposes the fourth root 
law But whichever law is nearer the truth, it is difficult to accept the quantity 
mentioned by Hettner and his co-workers The best way seems to be to 
accept Adel’s results as correct for the 9-6 n band and recalculate the partial 
pressures of ozone in the experiments of Hettner, and thence the absorption 
coefficients in the other regions The average absorption coefficients k 
given in the appendix are obtained in this manner, using Elsasser’s relation 
A = </>(•/fcZ), and the fourth root law proposed by Strong to take into 
account the pressure effect 

(c) Though Strong has proposed the fourth root law for the pressure 
effect, most other workers propose the square root law for the infra-red 
region in general It is difficult to see why the 9 6 \i band of ozone should 
be an exception to the square root law The use of the apophyllite residual 
ray apparatus in Strong’s observations necessarily involves the reflection 
contour characteristic of the material used, and what is obtained is the 
combined integrated effect of the reflection contour and ozone absorption 
Results obtained with such apparatus are therefore not strictly comparable 
with those with sufficient spectral details The use of any higher root law 
only means less variation of absorption with pressure For the use of any 
nth root law m this connection, coefficients appropriate to a standard pressure 
p a are to be calculated from observations made at any pressure p on a quantity 
Z cm. of ozone, using the relation For calculations m the ozone 

bands, the standard pressure p 0 is taken to be 25 mb , which is roughly the 
pressure at the centre of gravity of ozone. It was also arbitrarily decided to 
accept the fourth root law for all infra-red bands of ozone, since no other 
results than those of Strong are available for the pressure effect. For carbon 
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dioxide and water vapour bands, however, the square root law was used in 
accordance with the conclusions of Hertz and Eva Bahr. It was seen (Fig. 3) 
that the actual value of the solar energy absorbed by ozone m all the infra¬ 
red bands taken together becomes very small as compared with the absorption 
of energy in the ultra-violet and the visible regions, and hence it matters very 
little whether the square root law or the fourth root law is used to take 
account of the pressure effect. 

(d) The temperature effect was neglected due to lack of available data 
In any case, the total absorption being small, the neglect is not important 

§4 Carbon Dioxidb Bands 

All CO, bands lie in the infra-red region beyond 2 fi Still the total CO, 
content of the atmosphere being as large as 240 cm at N T P, it plays a 
part in the absorption of solar energy, especially in the lower stratosphere. 

The important bands are at 2-7/*, 4 3 fi, 9-11 >* and 12 5-17-5 m- 
For the 2-7 fi band. Barker’s** curve was used Absorption curves for 
different quantities of CO, were prepared similar to those for ozone, using 
Beer's law for each wavelength , graphical integration of such curves gave 
the solar energy absorption for the band For the 4 3 /x band, Martin and 
Barker’s 11 new curves were used For the remaining two bands, data collected 
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by Callendar 1 * were used, adopting his empirical formula A = 1 — (1 + ncO~‘ 
The comparative importance of the different CO, bands for the absorption of 
solar energy will be seen from Fig 7 and Table II. 
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Tablb II 

Intensity of solar radiation [E,]£; in the different CO t bands just outside the 
earth's atmosphere and the relative absorptions of energy 


Unit ol Intensity » 10“ ! c»l cm tec 



The square root law was used for the pressure effect and the temperature 
variation of absorption coefficients was neglected. 

It is to be noted that the last two bands partly overlap the corresponding 
ozone bands, while the first two and also the last overlap the corresponding 
water vapour bands Absorptions due to the different absorbents in a 
common band will be additive as long as each is only a few per cent For 
large absorptions, however, the transmissions will be multiplicative This 
has to be taken into consideration when actually evaluating the energy 
absorptions due to a given distribution of the absorbents 

§ 5 Water Vapour Bands 

Absorption due to water vapour begins in the near intra-red at about 
0 9 p and extends with varying intensity throughout the infra-red region with 
a transparent window between 8 and 11 y Though the maximum amount 
of water vapour present above the tropopause may not exceed 0 03 cm of 
precipitable water, the region of absorption is so extensive and some of the 
bands m the region 2 to 8 y so intense that even this small quantity contributes 
an important share to the solar energy absorption The main bands up to 
8 y are shown in Table III. 

Complete spectroscopic observations with very small amounts of water 
vapour such as may be present in the upper atmosphere are not available 
The lowest quantity for which Fowlc*’ gives data ts 0 008 cm of precipitable 
water, while Hettner’s M date in this region were obtained for about 0 06 cm. 
of precipitable water. There is general agreement between the values 
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Tabu III 

Intensity of solar radiation [E,]^ in the different water vapour bands just outside 
the earth's atmosphere and the relative absorptions of energy in the 
region 0 9 p to Bp 

Unit of Intensity - HT* ol cm.-* «ec.-‘ 


Author ! 

i 

B.nd| 

Range in it 


Energy absorbed by 

W cm of ppt H,0 

IMJ; 

W--0001 

W« 001 cm 

W- 008 cm 

W* *04 cm. 

Hettner 

A 

0 80-0 09 
! 1 08 -1 19 

1 27-1 63 

1 1 70-2 02 

200 H 

186 1 1 

M'0 | 

0.01 

0 02 

0 16 

0*09 

0-13 I 
0 17 

1-41 
t 07 

> 1 01 

1 *30 

10 M 

7*99 

6 U0 

6 eg 

42 78 

29 66 

Fowle 


2*2-3*2 

#1 s 

2 45 

7 74 

21 60 

45 58 



1 3 2-4*0 

24 0 

0 61 

1 63 

6 40 1 



Y 

I 4*0-4.S 

12*8 


1 60 


8 33 



1 4*9-8 0 

12 6 

0 62 

1-96 

5 08 I 

8 88 

Total for all bund, 

702 1 

4 43 

; 15 60 

57 14 

158 20 


• Calculations were made separately for the component bands Z\ (4 9 5 4 a). Zs 
(J 4_J.9a), Z, (5.9-6 4a). Z 4 (6.4-7.0*0 and Z, (7 0—8 0a) »* mentioned by Fowle 


and added up 

obtained from the two measurements only in the region up to 2 p and for 
small values of precipitable water For the range 2 to Bp, where the 
absorption is so large as to blackout the band heads in Hettner’s observa¬ 
tions, the results obtained by the two authors arc not comparable and Fowle’s 
data have been used 

In a recent paper. Fox and Martin 3 * have investigated the absorption 
spectrum of water in the three states and in solution in carbon tetrachloride 
in the region 2 5-7 5 ft They have however explored the spectrum of 
water vapour only in the region 2 5 to 2 85 p From the molecular extinction 
coefficients they have presented, it seems that the limits of the band are narrow¬ 
er than those given by Fowle, or the wings of the bands ,are too weak for 
detailed measurements Calculations for the same quantity of precipitable 
water (W = 008 cm) which Fowle had used show that the average absorp¬ 
tion over the region 2-5 to 2 85ft is 45 6%, whereas over the region 2-2 
to 3-2 ft it becomes 15 3% The latter value may be compared with Fowle’s 
figure 23-6% for the same region. Fowle’s figure has been used in our 
calculations 

Another interesting point mentioned by Fox and Martin is that the 
4.7 ft, band found m the solid and liquid states of water has no counterpart 
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in the vapour spectrum and has therefore been attributed by them to asso¬ 
ciated water molecules. On the other hand, Fowle’s curves for W - 008 cm. 
of precipitable water show as much as 30% absorption m this region, and this 
cannot be attributed to CO«, as there is no CO, band at 4 7 p. In any case, 
from the point of view of our present calculations of the solar energy absorp¬ 
tion, this does not affect our general conclusions seriously 

For the region 0 9 /t to 2 /t, Hettner's curves giving more spectral details 
were reduced in a way similar to that used for the Hartley band of ozone, 
and the energy absorption was obtained by graphical integration Beyond 
2 fi, Fowle’s results were used, Elsasser’s error function being applied over the 
subregions to get the energy absorptions due to different quantities of water 
vapour Table Ul and Fig 8jsummarise the results. It is'to be noted that 
in the first region up to 2 \l, the absorption is weak though the solar energy 
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is large, whereas in the second region the energy is small but the strong 
absorption takes away most of the energy, The bands in the second region 
are therefore effective in the uppermost layers of the atmosphere 

The temperature effect is negligible for the values of water vapour 
involved m the upper atmosphere, as indicated by Elsasser’' and Cowling * 
For the pressure effect, the square root law was used as for carbon dioxide 
§6. Height-Distribution of the Constituents and thb 
Calculation of Solar Energy Absorption 
(a) Ozone —The vertical distribution of atmospheric ozone has been 
investigated for the following places: — 

(0 At Arosa** in Switzerland 
(n) At Troms^ ** 

(in) At Stuttgart in Germany by Regener * 

(iv) In U S A by the Bureau of Standards 4 and Explorer II 
For the study of the solar energy absorption, the first two cases were 
selected, the remaining cases can be treated in a similar way The difficulty 
common to all of them lies in the fact that the distribution of ozone in the 
uppermost layers (above 40 km) is not known with sufficient accuracy, while 
ozone quantities at these levels are important for solar energy absorption. 

For the present calculations, the ozone content above 50 km. was 
neglected The atmosphere up to 50 km was divided into 2 km layers, 
and the ozone content in each layer and also down to the base of each layer 
obtained graphically The temperature effect on absorption was neglected. 
The energy absorption down to the base of each layer was found by using 
curves similar to the curves of Fig. 3 on a linear scale The energy absorp¬ 
tion in each layer was obtained by differences and this divided by the volume 
of the air m the layer gives the volume density of energy absorption, E,. 
The mass density of energy absorption, E„, is given by dividing the absorption 
in the layer by the mass of air traversed For a zenith distance X of the sun, 
the rate of absorption of energy in any atmospheric layer is proportional 
to cos X 

Fig. 9 gives the values of E* and E„ for the ozone distribution at Troms<£ 
(total 0j -0 260 cm) Calculations were made for sec X =1, 1*5, 2, 3, 4 
for averaging the results afterwards for the whole of the day, but curves for 
sec X ■= 1. 2 and 4 only are shown here Similar curves have also been 
prepared for the distribution at Arosa. 

(b) Carbon dioxide.—The, total CO, content was taken to be 240 cm 
at N.T P and the vertical distribution was obtained by assuming it to be 
present throughout the lower 50 km. in the same proportion of the total air 



Radiation Balance of the Lower Stratosphere—l 


81 



Fio 9 Height distribution of the absorpt on of solar energy by ozone at 
Total ozone, x~ 0 260 cm at NTP 

as at the surface To get the equivalent quantities for absorption, the 
amount in each layer was multiplied by adopting the pressure distri¬ 
bution in the atmosphere recently given by Penndorf 40 Temperature effect 
was neglected Curves similar to the curves of Fig 7 on a linear scale were 
used to Bnd the energy absorption due to different values of CO, Fig 10 



Fm. 10 Height distribution of the absorption of War energy by carbon dioxide. Total C O, 
content of the atmosphere -240 cm at N T P and CO, assumed to exist in the same 
proportion at all heights. 

gives the absorption of solar energy by CO, for three different zenith distances 
of the sun. 

(c) Water vapour .—No ‘ measurements ’ of the amount and distribution 
of water vapour m the stratosphere are available. Simpson 41 considered 
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that the stratosphere contained about 0-3 mm. of precipitable water. This 
was based on the assumption that the air was saturated at the base of the 
stratosphere at a temperature of about 220° A Ramanathan 4 * pointed out 
that in the tropics at any rate, the amount of water vapour in the stratosphere 
should be much less because of the much lower temperatures at the tropo- 
pause Brunt and Kapur 4 * have given tables with the values of water 
content ranging from 0 01 mm at the equator to 0 1 mm in the latitude 
50° in winter and to 0-17 mm. in summer In a later paper. Brunt 44 regards 
these as overestimates of the actual values 


ll j/ oc*>scm 

i r 


Solar Entrqy absorbrd(col cm 
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Fio j]. Height distribution of the absorption of solar energy by water vapour W-total pre- 
dp tab'e water above 16 km Re'ative humidity near 16 km is auuuted toba 100% 
r. in th» ttratmohara governed bv Dalton’s If 


and the distribution of m 


Recent measurements in Europe show that the stratosphere there is often 
surprisingly dry. dew points as low as - 80’ C being obtained In the pre¬ 
sent paper, calculations are made for four different values of total precipitable 
water above the arbitrarily chosen reference level of 16 Ion., W » 0005- 
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005, -010, 020cm, the distribution m the stratosphere being given by 
Dalton’s law. These values correspond to 100% relative humidity at the 
tropopause, the approximate saturation temperatures being — 80° C, 
- 65 5° C, - 60 5° C and - 55 5° C respectively. These results with 
suitable changes may be used for application to actual cases Fig. 11 gives 
the results for the two extreme values of W and for different values of sec X. 

(d) The total effect —Having obtained the separate contributions to 
solar energy absorption due to ozone, CO, and water vapour, the three may' 
be suitably added Fig 12 gives the results for Troms^ with total ozone 
x = 0 260 cm, total CO, C 240 cm , and different values of W. The 
mass density of energy absorption for ozone near 501cm is considerably 
larger than that due to water vapour and the curves for different values of 
W merge into each other Below 30 km , however, the two effects are com¬ 
parable and the inset in Fig. 12 shows the results on an enlarged scale for two 
extreme values of W. 

§7 Discussion of Results 

Throughout the work, the calculations are made on the assumption 
that the quantity of ozone above 50 km is negligible The effect, of this 
will be to reduce slightly the actual values of E* and E* m the first few layers. 
But as stated by Dobson, the ozone values above 45 km are only approximate 
and one cannot expect very accurate results for this region The error 
decreases rapidly as we go to the lower layers, and is practically zero below 
40 km 

Results similar to Fig. 9 were obtained also for the ozone distribution 
at Arosa and the general nature of the curves was found to be the same as 
that for Troms^. The energy absorption near 50 km. level is large and it 
goes on decreasing as we approach the earth. This means that the small 
quantities of ozone present m the uppermost layers are mainly responsible 
for the absorption of large amounts of solar energy, the mam ozone mass 
near its centre of gravity play mg only a subsidiary part 

Considering the mass density E* of solar energy absorption, the region 
under consideration can be roughly divided into two parts. The contribu¬ 
tion due to ozone predominates m the region 50 to 30 km, while below 
30 ton., the effect due to water vapour predominates The contribution due 
to CO, is small throughout the region. 

In conclusion, the author wishes to express his grateful thanks to 
Diwan B aha dur Dr. K. R Rsmanathan for his advice and interest through¬ 
out this work. 
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APPENDIX I 

Values of the Absorption Coeffic i ents and Other Constants 
Used in this Paper 

(1) Radiation and solar constants.— 

C, - 3 703 x 10-» erg cmr* sec" 1 ; C, - 1 433 cm °K.; 
o=5 709 x 10-‘ erg cm - * sec -1 K. -4 ; 

1 erg cmr* sec." 1 *■» 2 389 x 10-* cal cm-* sec" 1 
Solar Constant, S = 2 045 cal cm min _1 

For the distribution of radiant energy, the temperature of the sun is 
assumed to be 6000° K 

(2) Ozone bands.— 

a = decimal absorption coefficient per cm of ozone measured at 
N.T P. Only a few values of a read from the smoothed curves are given. 
k t = generalized absorption coefficient per cm of ozone in the relation 


A„thor 

Ny^Tsl Zs and 

A Tonrnalrs— 
Vaaay 

Adel and 

Lam pi and 

Hettner, Pohlmann and 
Schumacher 


Hartley 
aooo-ssoo A 

Chappuis 
4400-7000 A 

9 6 


4 75 p 

14 1 ft 

Pressor* 

Atmospheric 

Atmospheric 

28 

nb. 

25 mb. 

28 mb 


A In A 

« 

A In A 

18® C 

A In M 

« 

Average k 

Average k 


iiiliillii 

a) 

«#•* 

189 

140 

1S8-5 

19 R 
1-47 
• OSS 

4800 

6200 

(MOO 

8400 

6800 

7200 

7800 

001 

•008 

028 

•062 

•oas 

•038 

•018 

•006 

•00* 

e s 

9 4 

9 48 

9<S 

9 58 

9 8 

9 88 

9 7 

9 9 

10 1 

1 48 
1-27 
•91 

1 11 

1 27 
1-18 
•64 
08 

Average (or 
the region 

4 65 - 4 90m, 
*-0 177 

(») Average 
(orl2 — 13m 
and 15-2- 
18 5 m, 

0115 

(4) Average (or 
18-15 2m, 
*-•093 


(31 Carbon dioxide bands —(a) <* »decimal absorption coefficient per 
cm. of CO, at N T.P. 
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(b) Callendar’s empirical formula for CO* bands A — 1 — (1 + ntf) 1 , 
where C - cm of CO, at N.T P. 



(4) Water vapour bands. —(a) Hettner’s data used. a *= decimal absorp¬ 
tion coefficient per cm of ppt H.O at N.T.P. ___ 
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APPENDIX II 

Evaluation of the Band-Absorption of Radiation 
The band absorption of radiation incident on a gaseous layer of thick¬ 
ness Z can be evaluated as follows, when the relation between the decimal 
absorption coefficient a and the wavelength A has the form of the normal 
error equation, a— a*, and the intensity of the incident radiation 

has the linear form J A = k+ mA. The energy absorption in the band within 
the limits Ai to A„ (A, < A<, < A,), is 

E,= ^ J A (1 - e Zp *"*’ lX w where p 2 303 a a 


- Jj*" [* + m (« + A,)] (1 - e du. by putting A- A 0 = u 

- (*-| mV jf (I - (1 - a'***) du 

Putting p - f}Z and at- /3Ze-“"’ =» p*r 
clearly 1 - e~^^' - 1)* • ^ = f( - If' jf, 

E,=» (k 4- /nAj) J" (T (~ 0 " 11 £7 c"* du 

+ (f(-l r‘'£i "'***’) du. 

- (jk+ /nAo) I,+ ml, 

The integrals Ii and I, involving infinite series can be solved term by 
term as follows 


ViiAJA,-*,) 

'■-/?(- 'V'C JiT, 

V'i A Til -An) 


up" _x v* 2 r 
/i 1 \/« A 2 v'w J 





since Ai < A*, < A lr i.e, A, — A,, < 0 < A*— 

A (A,—A t ) v'iAfA,-**) 

-£ (- ir ♦ 1 £ l2 y w - h [+( V ''**.-*0 \ H^hv -■»] 

where 4 denotes the well-known error function 
Also, I,- f r (- 1 r"£ [ ue* i "’<lu 


-[*<-*"* I®."* 

-f«- «■*'? 2 *‘[-’lC,I 


by putting nh*u* “ y 


- 5 (- 1 r 11 J" 2 ^, t^‘ <x ‘- x, ’ , l 

E,= (* + m A.) v 2 " ?t-ir* n ^ /f| [4 ( ✓<** (V-^?) 

+ ^1 
+ £ (- l'" +1 ^" n [r** 1 (X * x, >‘- e^JwS* 

Putting h * (A,- A„)*= A. A* (A,- A 0 )*~ B, and Ar+ wA 0 = J v0 , 


l — <r* B ! 
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In Part IF the synthesis and study of 3 . 5 • 6 : V: 4'-pentahydroxy-flavone 
and its derivatives were described. Following the same procedure the two 
lower members of this series have now been prepared and their properties 



R-H, OCH, or OH 

Since in the chalkone condensation it is necessary to have the hydroxyl 
groups protected as far as possible in order to get good yields, 2-hydroxy- 
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5:6-dimethoxy-acetophenone (I) was employed instead of the more easily 
available 2 5-dihydroxy ketone and the condensation made with benzal- 
dehyde and amsaldehyde In each case the product was a mixture of both 
the chalkone and the corresponding flavanone Similar mixture resulted 
even when the chalkone was heated with alcoholic sulphuric acid The 
conversion of the flavanone into flavonol was effected directly in one stage 
since it gives better yields of the products 

The 5: 6-hydroxy-flavonols described in the course of this work form 
a series of compounds lacking a hydroxyl group in the 7-position There is 
marked absence of fluorescence as compared with the 7-hydroxy and 5. 7- 
dihydroxy compounds The importance of the 7-position for this property 
is thus indicated They form brownish-red solutions in alkali which rapidly 
fade on shaking with air This characteristic seems to be also due to the 
presence of two hydroxyl groups in the contiguous positions 5 and 6 

The compounds of type (V) having only a hydroxyl group m the 3- 
position exhibit fluorescence m alcoholic solutions but not in strong sulphuric 
acid. They also give prominent ferric chloride colour The fully methylated 
compounds (type VII) also give some fluorescence in alcohol but none in 
sulphuric acid 

The possibility of the flavone ring opening and reclosing in a different 
direction, during demethylation using boiling hydriodic acid, has been shown 
to be present in the case of the 5 8-hydroxy flavones.* No definite example 
is known of 5. 6-bydroxy compounds changing in this manner This point 
has been examined in one typical case in the course of the present work. 
3-Hydroxy-5.6:3'.4'-tetra-methoxy-flavone (VIII), was dtmethylated to 
the pentahydroxy compound which was again remethylated with dimethyl 
sulphate and potassium carbonate in acetone solution The product was 
found to be identical with that of direct methylation of (VJII) thus showing 
that no isomeric change is involved during the demethylation 
Experimental 

2-Hydroxy-5‘6-dimethoxy-chalkone .—To a solution of 2-hydroxy-5: 6- 
dunethoxy-acetophenone (3 g.) and benzaldehyde (5 c c) in alcohol (20 c.c ) 
cooled to 0°, potassium hydroxide (30 g. in 24 c.c of water) was added in 
small quantities at a time with shaking After the addition, the flask was 
stoppered tight and kept for four days at the laboratory temperature with 
occasional shaking. The contents were then diluted with water and ether* 
extracted in order to remove the unreacted aldehyde and then acidified 
The product separated ui the form of an orange-red liquid which was taken 
m ether The ethereal solution was shaken with aqueous sodium bicarbonate 
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to remove benzojc acid that was also iormed during the reaction On evapo¬ 
rating the ether, a red liquid was obtained which did not solidify even after 
keeping in the refrigerator for a number of days The chalkone was soluble 
m alkali and gave a reddish brown colour with feme chloride m alcoholic 
solution Crystallisation of the product was attempUd using benzene, 
petrol, alcohol and acetone, but in all cases the chalkone was recovered as a 
liquid It was therefore directly employed for conversion into the flavanone- 

In another experiment, the alkaline solution left after removing the 
unreacted aldehyde by means of ether, was saturated with carbon dioxide 
in the hope of obtaining the chalkone in a crystalline condition. A pale 
brownish yellow solid separated out (0 2 g ) When crystallised from alcohol 
using animal charcoal, it came out in the form of colourless silky needles 
melting at 142-44° It did not depress the melting point of the flavanonc 
obtained from 2-hydroxy-5 6-dimethoxy chalkone The filtrate from the 
flavanone on ether-extraction yielded the chalkone in the form of a viscous 
red liquid 

5' 6-Dtmethoxy-flavanone. —A solution of the above chalkone (2g.) in 
50% aqueous alcohol (100c c) was treated with concentrated sulphuric acid 
(3 c c.) and the resulting solution boiled under reflux for 24 hours. On con¬ 
centrating the solution, the flavanone separated out in the form of pale yellow 
silky needles It was filtered and washed with water The adhering chalk- 
onc was removed by macerating the solid with a weak solution of sodium 
hydroxide It then crystallised from alcohol (animal charcoal) in the form 
of colourless silky needles melting at 142-44° (Found: C, 71 9, H, 5 8; 
CviHhO* requires C, 71 8; and H, 5 6%) 

5 :6-Dtmethoxy-3-hydroxy-flavone —To a gently boiling solution of 
5• 6-dimithoxy-flavanone (0 5g) in alcohol (40cc. v were added alternately 
amyl nitrite (3cc) and concentrated hydrochloric acid (20cc ; d, I 19) 
little by little with stirring After the addition, the contents were left for 
two hours with occasional shaking The solution was then diluted with 
water (150c.c) and the solid product filtered and washed with water It 
was crystallised twice from alcohol when the flavonol was obtained as 
rhombic plates, melting at 216° Yield, 015 g. It gave a reddish brown 
colour with alcoholic feme chloride When reduced in alcoholic solution 
with magnesium and hydrochloric acid an orange-red colour was developed. 
It was soluble in aqueous alkali to give an yellow solution. An alcoholic 
solution of the flavonol exhibited green fluorescence It dissolved in con¬ 
centrated sulphuric acid to yield a yellow solution without fluorescence 
(Found: C, 68-5; H, 4-7. C 17 Hi«0, requires C, 68-5; H, 4-7%). 
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3 • 5' b-Trihydroxy-flawne. —The above dimetboxy flavonol (75 mg.) 
dissolved in acetic anhydride (3 c c ) was treated with hydriodic acid (2 c.c.; 
d„ 1-7) with cooling. The solution was refluxed for an hour in an oil-bath 
kept at 150-55°. After cooling, it was treated with sulphurous acid when 
a pale yellow crystalline solid separated out The aqueous solution along 
with the solid was ether-extracted On removing ether a pale yellow crystal¬ 
line solid was obtained It was crystallised from ethyl acetate when the 
dihydroxy flavonol came out as stout rectangular rods melting at 183-85° 
Yield, 50 mg It gave a brown ferric chloride colour and exhibited no 
fluorescence either in concentrated sulphuric acid or in alcoholic solution. 
It was insoluble in sodium bicarbonate and carbonate solutions but dissolved 
in aqueous sodium hydroxide to form a brownish red solution; the colour 
faded slowly to pale yellow, the change being very fast on shaking with air 
(Found: C, 67 0; H, 3 7, requires C, 66-7 and H, 3-7%) 

3:5- 6- Trimethoxy-flavone . —To the above dihydroxy flavonol (40mg) 
in anhydrous acetone (20cc) was added anhydrous potassium carbonate 
(0-5 g.) and dimethyl sulphate (0 2c c) and the mixture refluxed for 20 
hours. The solvent was removed and water added when a very pale yellow 
solid separated This was filtered, washed with water and crystallised from 
benzene-petrol mixture when the trimethyl ether came out as stout rhombo- 
hedral pnsms melting at 130-32°. It gave no ferric chloride colour in 
alcoholic solution It exhibited no fluorescence either in alcohol or in 
sulphuric acid solution (Found: C, 69 4; H, 4 8, C a& Hi.O. requires C, 
69-2; H. 51%). 

5:6: A'-Trimethoxy-l-hydroxy-flavone —This compound was obtained 
from the corresponding flavanone* in one operation as in the previous case 

The colourless solution of the flavanone (0 5g.) in alcohol (40c.c.) 
gradually turned reddish orange on treatment with amyl nitrite (3 c.c.) and 
concentrated hydrochloric aad (30c.c.. d., 119). After 2 hours, the liquid 
was diluted to 200 c.c with water. Pale yellow shining flakes separated out 
after some hours. They were collected and crystallised twice from alcohol 
The flavonol was obtained in the form of pale yellow broad rectangular 
plates melting at 172-73° Yield, 0-15 g. It gave bright bluish green fluo- 
rescence in alcohol, benzene and ether solutions With alcoholic ferric 
chloride a light brown colour was obtained. It was sparingly soluble in 
cold aqueous sodium hydroxide yielding a very pale yellow solution. In 
concentrated sulphuric add it dissolved forming an orange coloured liquid 
with no fluorescence (Found• C.65‘8; H, 51; C^H^O, requires C, 65 9; 
and H, 4 9%). 
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3:5:6: A'-Tetramethoxyjlavone .—The trunethoxy flavonol (0-1 g.) was 
methylated by refluxing it m a solution of anhydrous acetone (50 c.c ) with 
dimethyl sulphate (0-3 c.c.) and anhydrous potassium carbonate (1 g.) for 
8 hours. At the end of the reaction, the potassium salts were filtered and 
washed with warm acetone. The filtrate was concentrated on the water- 
bath (2c.c.) and treated with water (2-3 c.c.). The semi-solid precipitate 
did not crystallise even ater keeping for a long time in the ice-chest. It was, 
therefore, extracted with ether and the residue obtained after the removal 
of ether was crystallised twice from alcohol when it was obtained as colour¬ 
less rectangular plates melting at 147-48°. It gave no colour with feme 
chloride m alcoholic solution. Us solution m alcohol exhibited bluish green 
fluorescence. However, fluorescence was absent in concentrated sulphuric 
add (Found: OCH„ 36 0, Ci.Hj.O, requires OCH„ 36-3%) 

3:5:6. A'-Tetrahydroxy-flavone —A solution of 5:6: 4'-tnmethoxy*3- 
hydroxy-flavone (0-2 g.) in acetic anhydride was treated with hydnodic acid 
(d., 1*7; 5c.c. with cooling) The resulting solution was refluxed on an 
oil-bath at 150-55° for 2 hours. It was diluted with water and saturated 
with sulphur dioxide when an orange coloured precipitate was obtained. 
When crystallised twice from ethyl acetate, the tnhydroxy flavonol was 
obtained in the form of pale yellow microscopic crystals melting at 305° 
with slight sintering at 294° Yield, 01 g With alcoholic feme chlonde 
a dark olive green colour was obtained It exhibited no fluorescence either 
in alcoholic or in strong sulphuric acid solution It was insoluble in aqueous 
sodium bicarbonate, but dissolved in carbonate solution giving a fairly 
stable pale yellow colour In aqueous sodium hydroxide it formed a 
brownish red solution which faded slowly to pale brownish yellow; the change 
was very rapid when shaken with air. It did not show marked colour changes 
in alkaline buffer solutions; in a solution of pH 12-2, it was bright yellow at 
first, rapidly turning brown; within 4 minutes it was deep brown, after an 
hour reddish brown and after 24 hours pale reddish brown (Found C, 62-8; 
H, 3*8; CuHi«0« requires C, 62-9, and H, 3-5%) 

Summary 

The synthesis of 3 5 6 3' 4'-pentahydroxy-flavone was already 
reported The lower members of this group of 5 6-hydroxy flavonols with 
one and no hydroxyl group in the side-phenyl nucleus have now been pre¬ 
pared by Kostanccki’s method The characteristic properties are described. 
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EVIDENCE FOR THE EXISTENCE OF THE 
“EMISSION LAYER” IN THE ATMOSPHERE 

By R. Ananthakrbhnan, F.ASc 
Received December 11, 1945 
1. Introduction 

Thb vertical distribution of temnerature in the atmosphere is a factor of 
great importance in determining the processes of weather. Results of upper 
air soundings all over the world have shown that broadly the atmosphere 
can be divided into two thermally distinct zones. In the lower zone, known 
as the troposphere, the temperature decreases steadily with height at the rate 
of approximately 6° C /km. In the upper region, known as the stratosphere, 
the temperature remains constant or increases slightly with height. The 
surface of separation between the troposphere and the stratosphere is known 
as the tropopause. The tropopausc is approximately 18 km. above the 
ground at the Equator, about 12 km high in middle latitudes and 8 km 
high at the poles A problem of fundamental importance in Meteorology, 
which is as yet not completely solved, is to find out a rational physical expla¬ 
nation for the observed distribution of temperature m the atmosphere. 

2 Solar and Terrestriai Radiation 
In any attempt to answer this question, wc have to start from the funda¬ 
mental fact that the ultimate source of energy for all atmospheric phenomena 
is the solar radiation intercepted by the earth and its atmosphere. Since 
the mean temperature of the system (earth + atmosphere) does not show 
any appreciable change over long intervals of time, it follows that as much 
energy is sent back to outer space by this system as is received by it. 

There is, however, an essential difference in the spectral characteristics 
of the incoming and outgoing streams of radiant energy. The solar radia¬ 
tion corresponds approximately to black body radiation at a temperature of 
6000 < ’A; practically the entire energy is confined between the wave-length 
limits A 15n to A with peak intensity at A„ -'0 5#». As con¬ 
trasted with this, the energy of terrestrial radiation is spread out over the 
band of wave-lengths from about ip. to 120 p with peak intensity at about 
10p to 15 ft, corresponding to black body radiation at a temperature of 200 
to 300 ’A Wc may, therefore, picture the earth and its atmosphere as consti¬ 
tuting a system which is continually absorbing short-wave solar radiation and 
radiating it back into space in the form of long-wave heat radiation, 
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3. Radiaovb Equilibrium 

If the entire solar energy reaching the outer surface of the earth’s atmo¬ 
sphere passes through without any depletion due to reflection ard scattering, 
then every sq cm of the earth’s surface would receive on the mean during the 
day and night 0 5 cal /min Under radiative equilibrium, therefore, the 
same amount of energy should be radiated out by each square cm of the 
earth’s surface Assuming that the surface radiates like a black body, the 
mean temperature T is given by. 
o T* — 0 5 cal /cm. 4 min 

where o -= 5 73 , 10-* erg cm-* deg- 4 sec -1 (Stefan’s constant) 

This equation when solved for T gives 

T = 279 °A = + 6 V C O' 

We know, however, that about 40% of the incoming solar energy is 
directly returned to space due to reflection, scattering, etc If it is assumed 
that the remaining 60% is absorbed at the surface of the earth, then the corres¬ 
ponding equation for radiative equilibrium becomes 
a T‘ «* 0-3 cal /cm ••min 

which gives T = 246 °A *= — 27° C (2) 

The observed mean temperature of the earth’s surface is however 
+ 14° C , le , it is higher than either of the above values. 

4 “ Glass House Effeit ” of the Atmosphere 

What is the reason for this high surface temperature of the earth ? In 
order to understand this, we have to consider the assumptions on which the 
calculations in the preceding section were based. We tacitly assumed that 
the atmosphere is perfectly transparent to both solar and terrestrial radiation 
»o that the incoming and outgoing streams of radiant energy pass through the 
atmosphere without any attenuation We know, however, that while the 
atmosphere is largely transparent to short-wave solar radiation, it is highly 
opaque to wave-lengths in the range of terrestrial radiation, because the 
water vapour and CO, always present in the atmosphere possess intense 
absorption bands m this spectral region. Consequently, the greater part 
of the heat radiation from the earth’s surface is absorbed and trapped by the 
water vapour and CO, in the lowest layers of the atmosphere These consti¬ 
tuents in their turn re-radiate energy over the same wave-lengths at which 
they absorb, so that a downward stream of radiant energy is directed toward 
the surface of the earth from the lower layers of the atmosphere (Gcgen- 
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strahlung). The net loss of energy from the surface of the earth (Ausstrah* 
lung) is now less than before; it is equal to the difference between oT* and 
the Gegenstrahlung Thus the effect of water vapour and CO, is to reduce 
the loss of heat from the surface of the earth or to increase the surface 
temperature This is known as the “Glass House Effect” of the atmo¬ 
sphere. 

5 RADIATIVE Lews OF HEAT FROM THE ATMOSPHERE AND 
ALBRETHr’s Emission Layer 

With an atmosphere which absorbs and radiates like a black body, the 
net loss of heat from the earth’s surface would be reduced practically to zero, 
because all the radiation sent out from the earth will be absorbed in the lower¬ 
most layers which have practically the same temperature as the earth and 
would therefore send back an coual amount of radiation towards the earth. 
However, the water vapour and CO, which constitute the major absorbing 
and radiating constituents of the lower atmosphere do not absorb all wave¬ 
lengths in the range of terrestrial radiation As was first shown by Simpson, 
the absorption spectrum of water vapour in this spectral region can be broadly 
divided into three categories.— 

(1) Tue spectral band 8}m to lljtin which water vapour is completely 
transparent 

(2) The bands 7/i to “d 11/i to 14^ in which water vapour is 
semi-transparent 

(3) Wave lengths < 7 pi and > 14/i for which water vapour is so highly 
opaoue that a small amount (according to Simpson 0 3 mm of 
precipitable water) is sufficient to absorb completely all radiation 

Out of the total energy <r T‘ radiated from the surface of the earth, the 
entire amount comprised in the spectral band (11 and a portion of the energy 
in the spectral range (2) are thus directly lost to outer space. It is estimated 
that out of the 60% incoming solar energy absorbed by the earth and the 
atmosphere, about 10% only is disposed of m this way. The remaining 30% 
of long-wave heat radiation returned to space is contributed by the atmo¬ 
sphere. 

From which part of the atmosphere does this large amount of heat 
radiation which is being continually lost to outer space originate 7 This is a 
most important problem in the theory of atmospheric beat radiation. We 
have seen that the principal absorbing and radiating constituents of the 
lower atmosphere are water vapour and to a lesser extent GO r These 
constituents, however send out radiation over the same wave-lengths at 
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which they absorb intensely If we now picture the atmosphere as being 
divided into a number of layers each of which contains the optimum quantity 
of the absorbing constituents to intercept completely the radiation from the 
layer below it, then, it is easy to see that outward radiation to space can 
begin only at such a height above which the amount of water vapour and 
CO, present is insufficient to absorb completely all the radiant energy 
arriving from below 

Simpson assumed that the stratosphere contains enough water vapour 
to absorb all the radiation coming from the troposphere and that outward 
radiation to space from the atmosphere originates only from the stratosphere 
Later work has, however shown that Simpson’s assumption requires revision. 

From a careful study of the absorption and emission spectrum of water 
vapour, F Albrecht came to the conclusion that the greater part of the heat 
radiation sent out into space from the earth’s atmosphere has its origin in 
the upper troposphere and that this radiation passes through the strato¬ 
sphere without appreciable depletion According to Albrecht, radiation 
to outer space from a cloud-free atmosphere is mostly from a layer of about 
3 to 4 km thickness in the upper troposphere, which he designated as the 
« Emission Layer ” The radiation from the emission layer is independent 
of geographical latitude or of the time of the year and is approximately equal 
to the selective radiation of water vapour and CO, at a temperature of- 50° C 

The location of the emission layer in the atmosphere is determined by 
two important considerations, viz , 

(1) It contains an optimum amount of water vapour and CO, (the 
constituents that give rise to emission). 

(2) The amount of water vapour and CO. above the layer is so small 
that the radiation from the emission layer passes through without 
appreciable attenuation 

As the emission layer is a region which is losing beat throughout day and 
night, it is also a part of the atmosphere which is getting continually cooled 
due to this heat loss 

According to Albrecht’s estimates, the emission layer is located at such 
a height that the water vapour content at its base is approximately 0-1 gm./m* 
and its top 01 gm /m’ Consequently, the height of the emission layer 
varies with the temperature and humidity content of the atmosphere. It has 
been estimated by Albrecht that when the atmosphere is hot and humid, 
the emission layer should lie roughly between the levels corresponding to 
233 “A and 213 °A, when the atmosphere is comparatively dry, the emission 
layer should extend from 243 °A to 223 °A. 
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More recent researches on the absorption spectrum of water vapour 
have shown that the absorption coefficients given by the earlier workers are 
far too high and hence would necessitate a much higher value than what 
Simpson assumed for the critical quantity of precipltable water which 
constitutes a “ black body ” for the range of wave-lengths over which water 
vapour shows marked absorption Brunt has pointed out that this would 
not essentially modify the arguments of Simpson and Albrecht although the 
base of the emission layer would be lower and its thickness more than what 
was estimated by Albrecht 

6 Emission Layer and Tropopause 
According to Albrecht, the top of the emission layer marks the upper 
limit of the troposphere in polar and temperate latitudes. In the tropics, 
however, on account ol the strong penetrative convection from below, 
brought about mainly through the agency of water vapour, the tropopause 
is carried a few kilometres above the top of the emission layer As a result 
of this, the temperature of the upper troposphere (above the top of the 
emission layer and below the tropopause) in the tropics is lowered below 
what it would normally have been as a result of purely radiative processes. 
Hence, in radiative heat exchange with the lower layers of the stratosphere 
the upper levels of the tropical troposphere absorb more heat than they 
radiate out This is supposed to be the reason (perhaps only one of the 
reasons) for the sharp inversion at the tropopause and the rapid increase 
of temperature in the first few kilometres above that in the tropical strato¬ 
sphere, a feature which is not observed in higher latitudes where the lower 
stratosphere is practically an isothermal region. 

7. Distribution of Heat and Cold Sources in the Atmosphere 
While the long-wave outgoing radiation from the atmosphere causes 
a perpetual cooling of the upper troposphere, practically all the addition 
of heat resulting from the absorption of short-wave solar radiation takes 
place essentially at the surface of the earth and in the lower layers near the 
surface Thus vertical temperature gradients are set up in the troposphere 
which give rise to vertical displacements of air masses when the gradients 
exceed the limits of stability Consequently, in spite of the continuous loss 
of heat from the top and addition of heat at the bottom, a dynamical equi¬ 
librium with certain limiting temperatures is established. 

If we consider the annual mean heat balance of the system (earth + 
atmosphere), then according to Albrecht’s calculations the incoming energy 
exceeds the outgoing up to latitude 37$°, while at higher latitudes the reverse 
conditions obtain. As is well known, it is this peculiar latitudinal distil- 
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button of incoming and outgoing energy that brings about the general cir¬ 
culation pf the atmosphere 

Bjerknes has divided the troposphere into regions where there is a net 
gam of heat or a net loss of heat The former are called heat source's and 
the latter cold sources The principal cold source in the atmosphere is 
Albrecht’s emission layer which is continually sending out heat energy into 
outer space The principal heat source is the lower troposphere in the 
tropics and the adjoining temperate latitudes which gains a net excess of 
energy in radiative heat exchange with the earth’s surface and also in the 
form of latent heat of condensation Besides this, there is a secondary heat 
source which is the region comprised between the top of Albrecht’s emission 
layer and the tropopause over the tropics and adjoining temperate latitudes 
This is a region which t6 cooled by convection below its radiative equilibrium 
temperature and as such gets a net excess of heat by radiative exchange with 
the lower layers of the stratosphere 

8. StASONAL Variation ok Hfat and Cold Sources over 
the Northern Hemisphere 

If we consider the vertical distribution of heat and cold sources over 
the northern hemisphere (Fig 1), there is a striking difference m the condi¬ 
tions which obtain in the summer and in the winter seasons. In the northern 
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summer, practically the whole of the lower troposphere is a heat source; 
the middle or the upper troposphere (Albrecht’s emission layer) forms the 
cold source Above this lies the secondary heat source extending from the 
Equator up to and somewhat beyond 30° N In the northern winter, the 
lower heat source is displaced towards the southern hemisphere so that the 
entire troposphere (limited by the top of Albrecht’s emission layer) over 
polar and temperate latitudes is a cold source suffering a continual loss of 
heat energy Above the top of this is a feeble heat source which stretches 
over a part ot the temperate latitudes and is in fact an extension of the 
secondary heat source over the tropics brought about by meridional advection 
of air 

9 Expected Seasonal Variations in the Thermal Structure 
OF THE ATMOSPHCRE OVER TBMPERATE LATITUDES ADJOINING 
thb Tropics 

The considerations of the preceding section would lead us to expect 
striking seasonal variations in the thermal structure of the atmosphere over 
a place in the temperate latitudes adjotnmg the tropics Such observed 
variations in their turn can also be regarded as a proof of the general validity 
of the theoretical considerations outlined in the preceding sections and hence 
of the existence of the emission layer in the upper troposphere 

What are the changes that we should expect in the thermal structure of 
the atmosphere over a place such as Agra (lat 27° 08' long 78° 01') 
between summer (July) and winter (January) *> 

Let us first consider the location of the cold source (Albrecht’s emission 
layer) m these two months (see Fig 1) In July, the atmosphere is hot and 
humid and the emission layer (following Albrecht) may be taken to be between 
11 to Mgkm. In winter, the entire troposphere below the emission layer 
is a cold source; the emission layer itself should be between 8 and 11 km. 
according to the temperate limits given by Albrecht 

In summer, the lower troposphere is a powerful heat source and the 
condensation of water vapour is by far the most important agency con¬ 
trolling the lapse-rates in the middle and upper troposphere. The lapse- 
rates at these levels would, therefore, follow the saturation adiabat which, 
however, is practically parallel to the dry adiabat under the conditions pre¬ 
vailing m the upper troposphere Within the emission layer itself, there is 
a continual cooling due to radiation, so that as a result of addition of heat 
at the bottom and loss of heat from the top there should be a marked ten¬ 
dency for supcr-adiabRtic lapse-rates at thes? levels. Above the top of the 
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emission layer, convection and radiation work in opposite directions, the 
former tending to set up dry adiabatic lapse-rate while the latter tends to 
establish isothermal conditions Consequently a rapid decrease of lapse- 
rate with height should bo noticed tn the column above the toD of the 
emission layer and below the tropopause The inversion at the tropopause 
would be very pronounced and a rapid rise of temperature with height 
should be the feature in the first few kilometres of the lower stratosphere 
In the winter months, the entire troposphere btlow the top of the emis¬ 
sion layer is a cold source undergoing continual cooling due to radiation 
The cooling increases with height and attains a maximum value within the 
emission layer The vertical distribution of lapse-rate should thus corres¬ 
pond to what would be expected in an air column which is continually 
cooled at the top, that is, the highest lapse-rates should occur in and below 
the emission layer Above the top of the emission layer, radiative processes 
alone would set up isothermal conditions However, meridional movement 
of air from lower towards higher latitudes transports the characteristics of 
the tropical tropopause to the temperate latitudes in a less pronounced form 
We should thus expect a “ composite ” type of tropopause over temperate 
latitudes, the transition from the troposphere to the stratosphere occurring 
in two stages The lower transition will correspond to the top of the 
emission layer, while the upper transition will correspond to the tropopause 
over the tropics. However, because of the absence of penetrative convec¬ 
tion from below, the control by radiation will be more pronounced than in 
the tropics so that the lapse-rates and upper inversion above the top of the 
emission layer will be less conspicuous than in the tropics 

In this connection it is interesting to recall a scheme of air circulation 
between the troposphere and the stratosphere which was suggested by 
Refsdal some years ago This is based on the work of Albrecht as well as 
on the concept originally put forth by Palmen that the tropopause should be 
regarded as a layer of transition which can dissolve at one level and reappear 
at a new level in the atmosphere depending upon dynamic as well as radiative 
conditions. In the temperate latitudes, the tropopause is dynamically sucked 
down ro association with depressions and reforms at its original level when 
the depression activity has ceased. In this process, therefore, air from the 
stratosphere is transferred to the troposphere. According to Refsdal, the 
compensating transport of air from the troposphere to the stratosphere takes 
place in the tropics where the tropopause is carried above the top of the 
emission layer by convection, and consequently is constantly striving to 
build itself at a lower level under the influence of radiation. 
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From whal we have discussed in the preceding, it would appear that 
the meridional movement of air from lower towards higher latitude s tn the 
upper troposphere furnishes the nectssary mechanism fiy the tiansport of 
air from the troposphere to the stratosphere; for, in the absence ol pene¬ 
trative convection from below at the higher latitudes, the high vertical tempe¬ 
rature gradients which prevail tn the upper levels of the tropical troposphere 
can no longer be maintained as the air moves over to the higher latitudes 
The lapse-rates would, therefore, progiessively decrease in the meridionally 
advancing air column until finally it gets merged with the stratosphere in 
the higher latitudes The “composite ” tropopause encountered in tempe¬ 
rate latitudes appears to mark an intermediate stage in the transition of 
tropical tropospheric air into stratospheric air of the temperate latitudes. 

10 Thermal Structure of the Atmosphlre over Agra 
j A detailed study of the thermal structure of the atmosphere over Agra 
based on the results of over 500 sounding balloon ascents shows that the 
observed seasonal variations in the thermal structure of the atmosphere are 
quite in conformity with what should be expected in the light of Albrecht's 
work A detailed account of the investigation is being published elsewhere 
Some of the major features brought out by the study might, however, be 
summarised here:— 

(1) in the month of July, the observed lapse-rates in the middle and upper 
troposphere over Agra practically follow the saturation adiabatic; super- 
adiabatic lapse-rates are frequently encountered between 12 and 14 gkm. 
Above 14 gkm , the lapse-rate begins to decrease and changes over into an 
inversion at about 18 gkm. 

(2) Following the retreat of the monsoon in September, there is a 
decrease of lapse-rate in the upper troposphere and an increase in the middle 
troposphere over Agra 

(3) A sudden decrease of lapse-rate at about 11 gkm. is noticed in a 
more or less conspicuous form during all the winter months 

(4) The highest lapse-rates in the winter months are noticed between 
7 and 11 gkm 

(5) In the winter months, lapse-ratei above 11 gkm. are generally 
feeble and gradually change over to an inversion at about 17 gkm 

(6) The annual range of temperature in the atmosphere over Agra 
shows two maxima, one at about 9 gkm. and another at about 18 gkm. 
(see Fig. 2). Starting with the thermal conditions obtaining in summer 
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(July), the lower maximum can be interpreted as the •evel of maximum 
cooling m winter (centre of gravity of the emission layer in this season) 
The upper maximum corresponds to the summer tropopause and is the region 
where the greatest fall of temperature below that corresponding to radiative 
equilibrium has been brought about by convection from below tt follows 
that with decreasing control by convection and increasing control by radia¬ 
tion (transition from the monsoon to winter conditions), there should be 
a rise of temperature at all levels in the upper troposphere (above the top 
of the emKsion layer) and lower stratosphere, the rise of temperature being 
a maximum at the level of the summer tropopause, 
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All these facts lend strong evidence for the existence of the “ Emission 
Layer” in the upper troposphere and the seasonal variation of its altitude 
depending upon the moisture content of the atmosphere. 

11 Effect of Ozone Absorption on the Temperature of 
the Lower Stratosphere 

Above the level of the tropopause, vertical transport of heat by convec¬ 
tion is not possible, because of the extreme stability of the thermal strati¬ 
fication. Hence the temperature of the lower stratosphere should be condi¬ 
tioned mainly by the balance between absorbed and emitted radiation In 
addition to the part played by water vapour and CO s at these levels, the 
absorption and emission by ozone whose average height has been estimated 
to be between 20 and 25 km has no doubt to be taken into account in 
considering the radiative equilibrium of the lower stratosphere. Ozone has 
a strong absorption band between 0-22 fi and 0 33n wherein the incoming 
solar radiation has appreciable energy. Probably about 5% of the incoming 
short-wave radiation is absorbed by ozone Again, ozone has another 
absorption band in the infra-red at 9-5ft It is significant that this band is 
close to the wave-length of maximum energy in terrestrial radiation, while 
water vapour is transparent for radiation of the same wave-length A de¬ 
tailed discussion of radiative phenomena in the stratosphere is unfortunately 
not yet possible because of gaps in our existing knowledge regarding the 
absorption spectrum of water vapour under stratospheric conditions as well 
as of the water vapour content of the stratosphere 

Summary 

The theory of radiative equilibrium demands that on the average the 
total amount of energy absorbed by the earth and its atmosphere in the form 
of short-wave solar radiation should be exactly equal to the total amount 
of energy given back to space in the form of long-wave heat radiation. 
From a study of the absorbing and radiating properties of the atmosphere, 
F. Albrecht arrived at the fundamental result that the major contribution 
to the long-wave heat radiation into outer space originates from a layer of 
some three to four kilometres thickness in the upper troposphere, which 
he designates as the “ Emission Layer ”. The emission layer is thus a portion 
of the upper atmosphere which is continually cooling due to radiative loss 
of heat The height of the emission layer is a function of the water vapour 
content of the atmosphere; it is more when the atmosphere is hot and humid 
gnd less when the atmosphere is cold and dry. 
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The author has made a detailed study of the thermal structure of the 
atmosphere over Agra based on the results of sounding balloon ascents over 
a period of ten years. A number of interesting features find a ready expla¬ 
nation on the assumption that the emission layer over Agra is located 
approximately between 11 and 14 gkm. in the monsoon months and between 
g and 11 gkm. during the remaining months.—an assumption in conformity 
with Albrecht’s work. The observed seasonal variations in the thermal 
structure of the atmosphere over Agra thus lend strong evidence for the 
existence of the emission layer in the atmosphere and the variation of its 
altitude depending upon the moisture content of the atmosphere 
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J Introduction 

A knowledge of the quantity of water vapour present at any moment in 
different air layers of the atmosphere above a station is of fundamental 
importance to the meteorologist The humidity records obtained from 
sounding-balloon meteorographs sent up in the atmosphere give some indi¬ 
cation of the variation of humidity with height; but the use of the hair 
element for the measurement of humidity has not been found to be quite 
satisfactory The problem of improving the method of recording humidity 
is engaging the attention of many workers. 

The possibility of estimating the total precipitable water in the atmo¬ 
sphere by a spectroscopic method was first demonstrated by Fowle 1 by using 
his laboratory measurements of the absorption coefficients of water vapour 
in the bands in the near infra-red. The spectroscopic method does not 
indicate the distribution of water vapour with height, but does provide a 
rapid means of estimating the total water content of the atmosphere above 
a station whenever the sun is not obscured by clouds. The method has 
been used by a number of workers. *' w *‘ The necessary apparatus was set up 
at Poona towards the end of 1939, and some measurements recorded in 1940. 
During 1941 the measurements were made regularly and the data obtained 
are discussed here A description of the experimental arrangement, the 
method of taking the records and some typical results are given in the follow¬ 
ing sections. 

2. Apparatus and Method op Observation 

The apparatus (see Fig. 1) consists of' — 

(l) a locally constructed spectrograph, L, and L, being the collimating 
and focussing lenses respectively and P a flint glass prism (an equilateral 
one) with base 7*8 cm. and hight 4 cm.; 
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(u) an ordinary heliostat H with a front silvered mirror, to direct the 
sun’s rays into the slit S of the spectroscope after being condensed by the 
lens L,; 

(m) a Moll’s micro-thermopile (with a glass window and a vertical slit) 
mounted on the carnage of a travelling microscope capable of honzontal 
movement along the focal plane RV of the spectroscope, and lastly 

✓ 


s 



FfO 1 


(iv) a sensitive Moll galvanometer (period fr second) (connected to the 
thermopile), with a lamp and scale arrangement for reading the deflections 
It may be pointed out that glass is sufficiently transparent in the near infra¬ 
red region of the spectrum in which we are interested and that the whole 
experimental set-up has, when sunlight is focussed on the spectrograph, 
a maximum sensitiveness in the wavelength interval 0 75ft to 1-2/t, the 
deflection decreasing rapidly on cither side, ie., when the thermopile is 
shifted towards the visible region or towards wavelengths greater than 1 -2ft. 

Fig. 2 is a typical curve showing the deflections in cm. on the scale 
against the readings of the travelling microscope in cm. The positions of 
the various important absorption bands aie indicated in the figure It may 
be noticed that the chief water vapour absorption bands are 
<!>' at I 47/* 

* at l'42f* 
t at l*13>t 
p at 0-93 p. 
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Fowle’s absorption measurements in the laboratory with columns of moist air 
a few hundred metres long (using Nemst glowers as the source of radiation) 
were naturally confined to the intense absorption bands <f> and <!>' In these 
measurements Fowle reached values of water content up to 0 5 cm. of 
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precipitable water, W He extended the measurements to larger values of 
W by working at Mount Wilson with the sun as the source and with air 
masses up to 3 5, i e , at different zenith distances of the sun. Fowle’s trans- 
missibility values for the bands <j> and <!>' have been correlated with the trans- 
missibility values at the relatively weaker band at p (0 93 p) so that the trans¬ 
mission of radiation at the p band may be used for computing the values of W. 
Fig. 3 gives the transmissibility at P' plotted against that at p as given by 
Pierre Lejay 4 and Fig 4 gives the transmissibility at <fr' against the values 
of W (precipitable water in cm ) as given by the same author In our 
measurements we have recorded the transmission at p and used Figs 3 
and 4 for computing W. The advantage in using the /> band is that the 
variations in the absorption at different times or dates are larger and are 
recorded more accurately as the deflections in this region are comparatively 
larger than at the other bands The base line in Fig. 2 is obtained by 
screening the radiation from the instrument The transmission at p is 
obtained as the ratio of CD to O'D in Fig. 5 where OX is the base line, 
A and B are the maximum readings on either side of the band giving O' a* 
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the point for 100% transmission and C is the minimum deflection correspond¬ 
ing to the centre of the absorption band p 

y Data Recorded and a Brief Discussion of 
Some of the Main Results 

The observations were recorded whenever sunshine unobscured by 
clouds could be focussed on the spectrograph During clear weather the 
observations could proceed regularly at more or less fixed times, during 
cloudy weather one had to wait for openings in the clouds. On many or most 
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of the days during the wet season no observations were possible. During 
the period September to June the records are available for some days; the 
number is large during the period November to Apnl and small m September 
and October and June During June to September, attempts were made to 
observations during the rare occasions when the skies cleared tempo¬ 
rarily. 

Table I gives the observations recorded at different hours during the 
17th February 1941 These illustrate the process of computing the values 

Table I 


Example giving observations recorded on the 17 th February 1941 and 
the method of computing W 



of W, the depth of the total precipitable water in centimetres, in a vertical 
column of the atmosphere 1 sq. cm. in cross-section extending up to the 
outer limit of the atmosphere. It will be noticed that when the sun is at a 
zenith distance 6, the value obtained is W sec. d, and that W is obtained by 
dividing W sec. 9 by the air mass sec 9 at the time of observation. The dry 
bulb and wet bulb temperatures D.B.WB, were recorded with an Assmano 
Piychrometer near the instrument and the values of the vapour pressure . 
relative humidity are also given in the table, 
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(a) Seasonal and diurnal variation of W -Table II gives the mean daily 
values of W in cm. in different months of the period February 1941 to 
Tablb II 


Mean value of W in cm. tn different months during different hours of 
the day during the period February 1941 fo January 1942 
(nl is the number of observations on which the means are based. 



January 1942 (one year) at different hours of the day The figures within 
brackets indicate the number of observations on which the means are based. 
The table based on observations so far recorded gives some idea of the 
diurnal variation of W in different months of the year The values are 
comparatively small, generally < 2 cm. during the dry season October to 
April. After April there is a rapid increase towards June, when the south¬ 
west monsoon sets in. All the available observations from June to August 
indicate values higher than 2 cm , they are higher than 2-5 cm and often 
3-Ocm. or more during wet spells (I e„ individual occasions) Looking at 
tbe mean values of W at different hours, one finds that there is a tendency 
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for the values of W to increase in the afternoon and in some months like^ 
March, April, June and September a tendency later towards the evening for* 
W to decrease On individual days the effect of sea-breeze is perceptible. A 
study of W in relation to the properties and sources of the air masses at 
different levels is being attempted. 

(, b > Mid-day or noon values of W —The noon values of W are recorded 
when the incoming solar rays are normal or nearly normal to the atmosphere, 
t.e , the air mass is nearly unity The seasonal variation of W is brought 
out clearly in Fig 6 where the noon values of W are plotted as dots against 
the dates for which the data are available during the period February 1941 
to January 1942 The dots cluster about a mean value of W which is low in 
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winter (lowest values are recorded in December) as may be seen from the 
two ends of the diagram The value of W increases in summer and attains 
a maximum value during the middle of the monsoon season (July-August). 
The lowest value of W so far recorded was 0 46 cm. on the 2nd December 1941 
and the highest value was 3 97 cm recorded on the 4th June 1941. During 
the monsoon months the number of occasions when observations could be 
recorded was small; the seasonal tendency is, however, shown even by the few 
dots plotted against these months It should be pointed out that the values 
of W recorded during the short intervals of clear weather during the mon¬ 
soon would be smaller than those during the rest of the season, so that they 
should be taken as the lower limit of W dunng the rainy season 

(c) Mean daily values of Win different months of the year; a comparison 
of these with values of W estimated by other methods. —Columns 2, 3 and 4 
in Table EH give tbe mean daily values of W during different months of the 
year as computed from the spectroscopic observations dunng the hours falling 
within the zenith distance of 60° of the sun before and after noon. The 
available data are given separately for the years 1940, 1941 and 1942. The 
figures inside brackets below the values of W indicate the number of observa¬ 
tions on which the mean values are based. It may be notioed that the values 
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of W in February, March, April, October, November and December given 
for both 1940 and 1941 more or less agree with each other. The seasonal 
variation, as already pointed out. indicates a minimum in December and a 
maximum during the monsoon season (June-August) Id the 5th column of 
Table III are given the values of W computed from the normal values of e, 
the vapour pressure In mm. of Hg and T the temperature in degrees absolute 
at different levels above ground based upon 10 years’ sounding balloon 
records. These computations were made according to the formula: 

8 W - 8A/T x -622 e/2 8703 x 10* cm., 
where 8 W is the precipitable water in the height interval h 1 to h t or 8A (cm.) 
at mean temperature of T 8 A and having a vapour tension e (expressed in 
miniban). W is obtained by adding up the value* of *W for the different 
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height intervals. The values of W are nearly of the same order of magnitude 
as the spectroscopic values only in the first three months of the year During 
the rest of the year the values computed from the sounding balloon records 
are higher This difference may partly be due to the fact that while the 
spectroscopic values refer only to spells of clear weather, the sounding balloon 
data are available for all types of weather 

The values of W given m columns 7 and 8 are based on Hann’s* formula 
W — 2-1 e, where t is the vapour pressure at the surface in cm of Hg The 
values computed from (11 the data of e during the period 1941-42 and (2) the 
normal values of • based on past 50 years’ records are more or less similar. 
They are not so high as those based on the sounding balloon records but are 
somewhat higher than the spectroscopic values 

Lastly, in column 6, we have given the estimates of W obtained from the 
measurements of the nocturnal heat radiation falling on unit area of a hori¬ 
zontal surface made with an Angstrom’s Pyrgeometcr at Poona during clear 
nights. It is well known 7 ' 8 that the ratio of S, the heat radiation received 
from the night sky to the black-body radiation a T* emitted by the same 
surface at a temperature of T* A is given by 

S/oT* ■=■ A — B 1(H* 

where A, B and k are constants whose values are 0 77, 0 28 and 0-33 res¬ 
pectively and W is the precipitable water in the atmosphere (cm.). The values 
of W computed from the above formula, knowing all the factors except W, 
are slightly higher than the values given in columns 7 and 8, but smaller than 
those given in column 5. The estimates of W from the heat radiation data 
are not strictly comparable with the day estimates obtained spectroscopically 
The comparative values of W given in Table III show that the spectroscopic 
values are smaller than the other estimates It may be mentioned that during 
the month of November 1940 there were a number of days when sounding 
balloons had been let off at Poona and when the values of W had also been 
let off at Poona and when the values of W had also been determined by the 
spectroscopic method The values of W obtained by the two methods are 
given in Table IV below in the order of increasing values of W 

The spectroscopic values are roughly half of the values obtained from the 
sounding balloon data. It is hoped that, with further improvements in 
these two methods of measurements, the real source of difference will be 
located. It is more than possible also that Fowle’s original relation between 
W and the transmissibility of radiation at the <f>‘. and p bands may require 
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Table IV 



The variations in W from day to day are, however indicated un¬ 
mistakably by the spectroscopic measurements which have the great advantage 
that the results are available immediately to the weathtr forecaster This 
aspect is dealt with in the next section. 

4 W in Relation to Some Wbather Phenomena 
(a) Effect of sea-breeze. —On many days during the pre-monsoon months 
the sea-breeze with a westerly component replaces the air of land origin. 
On some of these occasions the marked contrast in the moisture contents 
of these air masses brings about an increase of W, after the sea-breeze sets 
in An example is given in Table V; the data refer to the 3rd of April 1941. 



(b) Prior indications of wet weather as given by W —The use of W in 
the prediction of local weather at Poona and its neighbourhood was tried 
out during the current year. It was found by experience that on some days 
during the pre-monsoon months and on a few days in September of the year 
1941, an increasing tendency in W did give an indication of the following 
wet weather. It appears that the measurements of W, whenever possible, 
would be of some aid in the prediction of local weather. For example, the 
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first rainfall during the year 1941 occurred on the evening of the 1st April 
1941, in association with a thunderstorm. The observations on this date 
showed a progressive increase in W. These are given in Table VI. 


Table VI 



Again, it may be remarked that the mean values of W day by day during 
the period 26th May to 26th June indicated the gradual onset of the monsoon 
on the 4th June, its weakening after the spell of rain up to the 9th June, the 
prevalence of a drought which persisted up to the 25th of June when the 
monsoon strengthened once again The data during the above period are 
given in Table VII. 

Table VII 


sa-s-iwi 

27- «-mi 

28- 5-1941 

29- 5-1941 

30- 5-1941 

31- 6-1941 

1- 6-1941 

2- 6-1941 

3- 6-1941 

4- 6-1941 

18- 6-1941 

19- 6-1941 
*0-6-1941 
*1-6-1941 
*2-6-1941 
13-6-1941 
*4-6-1941 
16-6-1641 
*6-6-1941 


4 Cl 0715, 4 Ca at 1330 hr. 

7 Cl 1030 to 1300 hn 

7 Ca and Cl at 0700, 8 Co at 1330 and slight ra 


6 Ca Cl at 070 to 1230, 5Ca at 17*0 hi 
Vail Ilka cloud 1330 to 1700 hr. 


Thick Cl .all at 0706 hr., 

Mon.ooa ra-a.tabU.hed with alight rain on 28th a 
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Conclusion 

The investigation is being continued. A more detailed discussion of 
the various aspects of the subject has been given in a thesis submitted to the 
Bombay University. 

The author wishes to thank Dr L. A Ramdas, for suggesting the prob¬ 
lem and for guidance during the investigation and the Director-General 
of Observatories for permission to work in the Meteorological Office. Poona. 
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1. Introduction 

When a current of air flows horizontally over a surface of water there are, 
as is well-known, (i) a “ laminar *’ or “ boundary ” layer adjacent to the 
water surface, in which the air movement is stream-lined in character and 
(u) a turbulent or eddying layer above the laminar layer in which there 
is a considerable amount of mixing The thickness of the laminary layer 
decreases rapidly with increase in the mean velocity of air current 

In the laminar layer AB to CD (Fig. l)the variation with height of factors 
like temperature, vapour pressure and wind velocity may be assumed to 
be linear ; the transfer of momentum, water vapour or heat in the laminar 
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layer will be due to molecules, whereas in the turbulent layer the eddies 
take a major part in such transfer It is significant that the heat transfer 

between the air and the water surface will be k x ^ where k is the molecular 

heat conductivity of air (5-77 x 10-*) and gj is the thermal gradient in the 

laminar layer With the above assumptions and from a knowledge of (a) the 
rate of evaporaton, (b) the vertical temperature gradient between the water 
surface and a series of points above the surface, and (c) the temperatures of 
the water surface and the surrounding room it is possible to estimate, under 
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certain favourable conditions (when the heat of evaporation is supplied 
entirely by the air and by radiative exchange), the thickness S of the laminar 
layer and its dependence on the mean wind velocity The present paper 
discusses the results obtained in a preliminary investigation on the above lines 

2 The Vertical Change of Tbmpbrature Inside and Above a 
Layer of Water 

If a vessel containing water is kept exposed to the air, the variation of 
water temperature with depth and of the air temperature with height above 
the water surface will depend upon the mean temperature of the water layer, 
the difference of temperature between the water and the air above, the wind 
velocity and the rate of evaporation Fig. 2 shows the variation of 
temperature when measurements were made with water at different mean 
temperatures. The general air temperature in the room was sensibly constant 
during these experiments The measurements of the water temperature 
at various depths and of the temperature of the air just above the water 
surface at various heights above the surface were repeated in quick succession 
for vanous values of the mean temperature of the water layer. 



Fio 2. 

A water reservoir 24 cm in diameter and 10 cm. deep was filled with 
water at the required tempereture The water was stirred well and then 
allowed to come to rest. After the water column had come to rest and the 
conditions above and below the water surface had become steady, the 
temperature measurements were made The temperatures were measured 
by using a series of fine copper-constantan (50 S.W O ) junctions connected 
to a suitable switchboard and a common junction at a standard temperature. 
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Each junction could be connected in turn to a Moll galvanometer and the 
deflections recorded in quick succession. The values of temperature 
were read off from the calibration curve of each junction (previously 
determined) All the junctions were kept horizontal, except the one 
in contact with the water surface which was vertical with the sensitive point 
approaching the surface from below the water surface In Fig 2 the dry 
bulb and wet bulb temperature of the air in the room (well away from the 
water resorvoir) recorded with an Assmann Psychrometer together with 
the vapour tension and the relative humidity are also indicated Curves 
1 to 8 refer to the different mean temperatures of the water column. As is 
to be expected, all the curves tend to meet at a sufficient height above the 
water surface In Curves 1 and 2 the temperature decreases gradually as 
one approaches the water surface from below The most rapid fall occurs 
m the first few mm above the water surface ; thereafter the fall of tempe¬ 
rature is more gradual Under these conditions the water column supplies 
heat to the water surface for the evaporation process as well as for warming 
the air layers above it 

Curve 3 refers to the case when the surface of the water is at the same 
temperature as the air above. Here there is no gradient of temperature 
above the water surface, so that the heat required for evaporation is 
supplied entirely by the water column In Curve 4 the mean temperatures 
of the air is the same as that of the water column HeTc there is a fall of 
temperature as we approach the water surface both from above as well as 
below, so that the heat required for evaporation is arriving by conduction 
both from the air as well as the water column Curve 6 is the most 
interesting, as the whole water column tends to remain at a uniform 
temperature The air temperature increases with height above the surface 
and the heat required for evaporation is obtained entirely by conduction 
from the air above the water surface (and by the heat gained by radiative 
exchange between the surface and the surroundings) 

With further decrease of the mean water temperature (Curves 7 and 8) 
the temperature increases as one approaches the water surface from below 
and continues to increase with height above the water surface Here the 
heat conducted from the air is used partly for evaporation and partly for 
warming the water layer as well. When the mean temperature of the water 
column Is at or below the dew point water vapour begins to condense on the 
water surface adding a further contribution of heat. 

In the rest of this paper we deal only with evaporation under the simple 
conditions defined by Curve 6 in Fig 2 It must be remembered that no hea 
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is then lost by the water ; the heat required for evaporation is supplied 
entirely by (c) conduction from the air and { b ) radiative exchange* with 
the surroundings. Under these simple conditions we have 


where L is the latent heat of evaporation, 

w is the evaporation in grammes per second, 
k is the molecular thermal conductivity, 

T, and T, are the temperatures of the water surface and of the 
walls of the room (the same as the temperature of the room 
air), 

a is the Stefan Boltzman constant. 

In the above expression, L is known, h>, T# and T fl can be measured 
directly, o is known, so that the factor k ^ can be computed This has 
been done for a number of wind velocities These data have been used 
for estimating the thickness S of the laminar layer, as will be clear from 
the next section 

3 Estimation of the Thickness of the Laminar Laybr 

The experimental arrangements are the same as in Section 2. The 
water reservoir is protected at the sides by a layer of heat insulating material. 
In all the experiments the water layer is brought to the isotherinal condition 
as defined by Curve 6 oj Fig 2. The rate of evaporation is measured by 
keeping a small circular dish 26 42 sq.cm in area at the centre of the water 
surface with a layer of water inside adjusted so as to be at the same level 
as that of the water surface outside. This vessel is weighed before and after 
each experiment, care being taken to dry the outside and keep the vessel covered 
during weighing The wind velocity is regulated by means of an adjustable 
electric fan with a wire-gauze shield in front to reduce major fluctuations 
After starting the fan and verifying that the water in the reservou is isothermal, 
the surface temperature and the air temperature at 1, 2, 3, 5 mm. above the 
water surface as well as the temperature of the air in the room were measured. 
Table I gives the results of a series of experiments at different wind velocities. 
The first column gives the mean rate of evaporation during the period of 
half to one hour usually taken to complete each experiment. The total 

* Both the wsur surftoe and tha wills of tbs room aet lilt* “ black ” bodies In the 
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Table I 
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evaporation divided by the tune in seconds and by the area of cross-section 
of the floating vessel is of the order or 30 xlO-’ to 65 x 10' T gr./cm ‘ sec 
for the range of velocities which are indicated in column (2) in metres per 
second The relative humidity of the air as measured with the Assmann 
Psychrometer is given in column (3) Column (4) gives the isothermal tempe¬ 
rature of the water column (also temperature of water surface) The room 
temperature well away from the evaponmeter is given in the next column 
Columns (6) to (9) give the temperature gradients between 0 (surface) to 
1 mm. (above surface), 0 to 2 mm. 0 to 3 mm. and 0 to 5 mm in °C. per cm 
Column (10) gives (he values of the difference between the heat Lw used up 
for evaporation and the heat gained by the surface by radiative exchange with 
the surroundings. This difference [Lw - o (T*. - TV)) is equal to the heat 
hTTIdZ transported to the water surface by molecular conduction 
across the laminar layer The evaporation and temperature measurements 
thus give us an estimate of the heat gained by conduction. We do not know 
the value of dT/dZ in the laminar layer directly, but the values of column (10) 
divided by the molecular heat conductivity of air (5-77 x 10-*) give us 
estimates of this gradient; these arc given in column (15). 

It is well known that the gradient of temperature dT/dZ in the laminar 
layer will be much higher than that above it. If the mean temperature 
gradients between 0 to 1 mm., 0-2mm., 0-3 mm. and 0-5 mm. are computed 
it will be found that as we gradually increase the distance between the water 
surface and the point of reference above it, the values of mean temperature 
gradient will decrease. If the figures given in column (10) are divided by 
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the apparent mean temperature gradients given in columns (6) to ( 9) we ge 
estimates of the apparent heat conductivities given in columns (11) to (14) 
In Fig. 3 these values of apparent conductivity are plotted against the distance 
between the surface and the point of reference used for computing the 
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apparent temperature gradients The values for each wind velocity lie along 
a straight line, which can be produced to cut the vertical line at 5 77 x 10 - *, 
the molecular heat conductivity These points of intersection give estimates of 
the thickness 8 of the lamina layer within which molecular heat conductivity 
must prevail. The values of 8 are given in column (16) The values of 
flldZ X 8 representing the total fall of temperature in the laminar layer 
are given in column (17) In the last column the values of the ratio of the 
fall of temperature in the laminar layer to the total fall of temperature from 
the air to the water surface are given It will be seen that on an average 
about 6/10 of the total fall occurs in the laminar layer. The effect of increasing 
wind velocity is to increase the temperature gradient in the laminar layer in 
which about 6/10 of the temperature variation with height occurs. 

Fig. 4 shows how 8, the thickness of the laminar layer, vanes with the 
wind velocity v 8 decreases with v rapidly at first and more gradually there¬ 
after It was difficult to carry out measurements for v>2-0 metres per second. 
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as the water surface began to get agitated at higher wind velocities , by 
extrapolation it is easy to see from Fig. 3 (dotted portion) that 8 may decrease 
to 0-025 cm. at a wind velocity of 3 metres per second The rapid increase 
of 5 with decrease of v towards zero is also obvious. 

4 Summary and Conclusion 

The present paper indicates a simple experimental method of estimating 
the thickness 8 of the laminar layer of an evaporating water surface at different 
wind velocities. When the water layer is adjusted to be isothermal (vide Curve 
6 of Fig 2) the heat Lw required for evaporation comes entirely by molecular 
conduction across the laminar layer k dT/dZ and by exchange of radiation 
— oTf) with the surroundings From estimates of dT/i.Z using increasing 
height intervals between the surface and the next level of reference, it is possible 
to calculate a series of k's which fall on straight lines, when plotted against 
the corresponding values of AZ. The values of AZ given by the points 
of intersection of the above lines with the vertical line at k= molecular 
conductivity, give estimates of 8, the thickness of the laminar layer. 

Further work on these lines is in progress 
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Flavones and flavonols derived from 1.2.3'4-tUra-hydroxy-benzenc have 
not yet been isolated from natural sources But they form a senes having 
three contiguous hydroxyl groups (6:7:8) in the benzo-pyronc part some¬ 
what parallel to those derived from 12 3:3-tetra-hydroxy-benztnc with 
the 5:6:7-arrangement of hydroxyls The difference in properties and 
reactions which this difference in structure may give rise to, is of interest 
and this information was required in connection with the study of plant 
pigments in progress in these laboratories, For purposes of comparative 
study the flavones of this type isomeric with baicalem and scutellarem have 
been synthesised and their properties described in this paper The starting 
material for the present synthesis is 2-hydroxy-3 4:5-trimethoxyaceto- 
phenone (I) prepared according to the method of Baker 1 


IIOY V° h CH|0—| 

J-COCH, 


-OH_CH.O-j' \ 

•COCH, HO—l 1 


OCH, OCH| 

i-OH CH,oY V oh 

•COCH, CH,0 

(I) 


The conversion into the flavones is effected by adopting the Baker-Venkata* 
raman procedure * The 0-benzoyI or anisoyl compounds (II) are con¬ 
verted into the corresponding dike tones (in) by means of sodamide and the 
final ring closure to the mcthoxyflavoncs (IV) carried out by heating with 
sodium acetate and aoetic acid Demthylation with hydnodic acid yields 
the hydroxyflavones (V) They have also been characterised by the pre¬ 
paration of their acetates 


OCH, 


CH.O-l^y-COCH. 
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OCH, 
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(IV) (V) 


R-H. OH orOCH, 

Structurally the new flavones have a hydroxyl in the 8-position in the place 
of the one present in the 5-position of baicalein and scuttellarem Regarding 
fluorescence in concentrated sulphuric acid the two pans resemble and they 
give very little emission. The hydroxy compounds exhibit no fluoresetnoe; 
among the ethers there is feeble emission only from 6:7.8:4'-tetramethoxy- 
flavone In alcoholic solution neither the hydroxy compounds nor the 
methyl ethers give any fluorescence This is in accordance with expectations; 
it has been noted* that the 8-position in coumarins and flavylium salts is as 
inhibhive of fluorescence as the 5-position 

The isomeric compounds differ markedly in alkali colour reactions 
Baicalein and scutellarem give bright green colour, the former yielding also 
a precipitate The 6:7:8-hydroxy-compounds are more easily soluble 
and give a yellow colour in sodium carbonate and orange-red in sodium 
hydroxide solution The ferric chloride colour is also different The 
6:7:8-compounds give a deep-green colour rapidly changing to greenish 
blue, whereas baicalein and scutellarem give a greenish-brown, the green 
colour not being prominent. The reaction of the new flavones with sodium 
amalgam in alcoholic solution (Bargellini’s test) is also somewhat different. 

After the above work was completed, an abstract of a paper by Bargellim 
and Oliviero on the synthesis of 6:7: 8-hydroxyflavom.s and flavonols 
appeared in the British Chemical Abstracts 1 They adopted a different method 
as indicated below. The melting points of the final products and their 
derivatives as recorded by than agree with ours 



Experimental 

2-Benzoyloxy-l : 4 : S-trimetkoxy-acetophenone {11,R-H).— 2-Hydroxy- 
3:4:5-trimethoxyacetophenone (I, 2-5 g.) was treated with dry pyridine 
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(lOc.c) and btnzoyl chlonde (2c.c) and shaken well for 10 minutes. The 
mixture was then heated on the water-bath for 20 minutes and added to 
ice-water containing a few cc of dilute hydrochloric acid The benzoyl 
derivative separated as an oil which quickly solidified to a brown sobd on 
sttmng. It was filtered, washed with very dilute hydrochloric acid and then 
dissolved in sufficient quantity of ether. The ether solution was successively 
washed with dilute hydrochloric acid, aqueous sodium carbonate and sodium 
hydroxide to remove benzoic acid and unchanged ketone It was once 
again washed with dilute hydrochloric acid and water and dried over calcium 
chlonde Distillation of the solvent yielded the benzoyl derivative as a 
colourless crystalline solid which was collected and recrystallised from alcohol 
and benzene It was obtained as stout irregular prisms and melted at 
127-28° Yield, 2 Og The substance gave no colour with ferric chloride 
in alcoholic solution and was insoluble in cold aqueous sodium hydroxide 
(Found C, 65 3, H, 5 3, C„H 18 0, requires C, 65 5, H, 5 5%) 

2-Hydroxy-}, 4 S-trimethoxydibenzoylmethane (III, R = H) —A solution 
of the above compound (2 g ) in dry toluene (20 c c ), was treated with sodamide 
(8g) finely powdered under toluene. The mixture which rapidly turned 
yellow, was vigorously stirred for ten minutes and heated on the boiling 
water-bath for 4-5 hours with frequent shaking The yellow solid product 
was then filtered, washed well with warm benzene and cautiously added with 
stirring to crushed ice When the unreacted sodamide was completely 
decomposed, the yellow solution was filtered to remove any insoluble matter 
and saturated with carbon dioxide. The dibenzoylmethane separated as a 
bright yellow oil A further small quantity of it was obtained by extracting 
the toluene filtrate with 5% aqueous alkali and saturating the alkaline solution 
with carbon dioxide Both the lots were taken together in ether and the 
clear ether solution dned over sodium sulphate. The solvent was then 
distilled when it left an oily product which did not solidify even when allowed 
to stand in the refrigerator for 24 hours It was therefore directly used for 
conversion into the tnmethoxy-flavone. Yield, 0 6g It dissolved in 
aqueous sodium hydroxide to give a bright yellow solution and its solution 
in alcohol developed a bluish-green colouration with a drop of ferric chlonde. 

6.7: S-Trimethoxy-flavone (IV, R - H) —The crude dibenzoylmethane 
(0 5 g ) was dissolved in glacial acetic acid (8 c c) and to the solution was 
added fused sodium acetate (2g.) The mixture was gently boiled over a 
wire-gauze for 4 hours, cooled and diluted with water (80cc). A small 
quantity of the tnmethoxy-flavone separated as a crystalline solid. It was 
filtered and the filtrate extracted with ether. The ether extract was carefully 
jha(cen with 5% aqueous sodium carbonate to rejnove acetic acid and then 
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washed with water On distilling off the solvent, more of the flavone was 
obtained as a colourless crystalline solid The combined product was crystallised 
from dilute alcohol. After a further crystallisation from ethylacctate-light 
petroleum mixture, the tnmethoxy flavone was obtained as aggregates of 
prismatic rods and melted at 144-45° (Bargellmi and Oliviero 4 give m.p. 
146°). Yield, 0-3 g. It was readily soluble in the common organic solvents 
and gave an orange-yellow colour with magnesium and concentrated hydro¬ 
chloric acid in alcoholic solution Its solution in concentrated sulphuric 
acid was yellow and exhibited no fluorescence (Found. C, 69 0, H, 5 3; 
CuHj.0, requires C, 69 2, H, 5 1%) 

6 7 8 -Tnhydroxyflavone (V, R *= H )—A solution of the tnmethoxy 
flavone (0-25 g) in acetic anhydnde (5cc) was treated with hydnodic acid 
(d, 1 7, 5 c c ) and the mixture heated at 130-35° in an oil-bath for 2 hours 
It was then cooled and poured into water containing sulphurous acid The 
precipitated yellow solid was collected, boiled with water and crystallised 
from alcohol. Yield, 015g On recrystallisation from alcohol the tn- 
hydroxyflavonc was obtained as straw-coloured rectangular micaceous 
plates and melted at 280-282° with slight decomposition (Bargellmi and 
Oliviero 4 give m p 280“ decomp) Its alcoholic solution developed a greenish- 
blue colouration on the addition of a drop of ferric chloride; with excess of 
the reagent a brown precipitate was deposited slowly It dissolved in con¬ 
centrated sulphuric acid to an yellow solution which exhibited no fluorescence. 
With lead acetate in alcoholic solution it gave a bright orange-yellow precipi¬ 
tate, and with magnesium and hydrochloric acid its alcoholic solution deve¬ 
loped an orange colouration When treated with sodium amalgam in 
absolute alcohol the trihydroxyflavone gave a green solution and a flocculent 
green precipitate which slowly turned brown (Bargelhm’s test). It dissolved 
in aqueous alkali to give a brownish-orange solution which gradually faded 
, n colour; no green flocks separated. With dilute ammonia it gave an yellow 
solution (Found in a sample dried at 120' for 2 hours in vacuo : C, 66-5; 
H, 3 9 C, 5 H l0 O s requires C, 66-7, H, 3 7%) 

The triacetate was prepared by heating the above hydroxy-flavone (0 -1 g) 
with acetic anhydride (5 c c) and fused sodium acetate (1 g) for two hours 
It was crystallised twice from ethylacetate and was obtained as stout flat 
needles melting at 207-08° with previous sintering at 202' (Bargellmi and 
Oliviero 4 give m p 197-98°) (Found: C, 63 7, H, 4 3 C„H lt O, requires 
C. 63 6, H,41%) 

l-Anisoyloxy-3 : 4: 5-trimethoxy-acetophenone (//, R = OCH%).— The 
hydroxyketone (I, 2-5 g.) was treated with dry pyndine (10c.c.) andamsoyl 
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chloride (2c.c.) and the mixture heated on the boiling water-bath for 30 
minutes. The product was worked up in the same way as described for the 
benzoyl derivative. The crude O-amsoyl compound was a colourless solid 
which was purified by crystallisation from alcohol and then alcohol-benzene 
mixture. Yield, 2-0 g. A final crystallisation from alcohol yileded elongated 
rectangular plates and prisms melting at 114-15° It did not dissolve in 
cold dilute aqueous sodium hydroxide and gave no colour with feme chloride 
in alcoholic solution (Found: C, 63 • 1; H, 5 • 8 C 1 ( H m O t requires C, 63 • 3; 
H, 5-6%) 

2-Hydroxyl : 4.5. A'-tetrameihoxy-dibentoylmethane (III, R = OCffj) — 
The above O-anisoyl derivative (2g.) in dry toluene (20 cc.) and sodamide 
(8g.) were used for the rearrangement The diketone was obtained as a 
heavy oil (0-7g) which showed no tendency to solidify even when kept in 
the refrigerator for 24 hours and was therefore directly used for conversion 
into the tetramethoxyflavone, The substance dissolved in aqueous sodium 
hydroxide to give a deep yellow solution In alcoholic solution it gave* a 
greenish-blue colour with feme chloride 

6:7*8. 4'-Tetramethoxyflarone (IV, R - OCHJ —Ring closure of the 
above diketone (0 • 5 g.) was i fleeted by heating with glacial acetic acid (5 c.c) 
and fused sodium acetate (1 g) according to the procedure already described 
for the simpler case. The crude tetramethoxyflavone was twice crystallised 
from dilute alcohol when the pure compound was obtained as long colourless 
flat needles and melted at 179-80° (Bargelhm and Ohviero 1 give mp 
175-78°) Yield, 0*3 g. It was readily soluble in the common organic 
solvents and its alcoholic solution developed an orange-yellow colour with 
magnesium and hydrochloric acid It dissolved in concentrated sulphuric 
acid to give an yellow solution with a weak green fluorescence (Found: C, 
66-9; H, 5*5; C„H u O, requires C 66 7; H, 5 3%) 

6:7:8: A'-Tetrahydroxyflwone (V, R — Off).—The dcmethylation of the 
above tetramethoxy flavone (0 2 g) was effected by boiling it for two 
hours with acetic anhydride (8 c.c.) and hydriodic acid (d, 1 7; 8 c.c.). The 
yellow solid obtained on dilution with water containing sulphurous acid 
was collected and boiled with water and rccrystalhsed twice from alcohol 
The tetrahydroxyflavone was thus obtained as aggregates of pale yellow 
needks and narrow rectangular plates. Yield, 0*15g. It became orange 
red at 245°, dark brown at 300° and did not melt down below 330° (Bargellini 
and Ohviero 1 give m p. 250° with decomposition). It was modorately soluble 
in alcohol and acetone, and dissolved more easily in glacial acetic acid. Its 
alcoholic solution gave a greenish-blue colour with a drop of ferric chloride 
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and deposited a brown precipitate with a slight excess of the reagent. It 
solution in concentrated sulphuric acid was yellow and exhibited no fluores¬ 
cence. When treated with sodium amalgam in absolute alcoholic solution 
(Bargellim’s test), a greenish-brown precipitate was slowly formed. The 
flavone dissolved in ammonia to give an yellow solution and in aqueous 
sodium hydroxide to give an orange-red solution which gradually faded in 
colour (Found in a sample dried in vacuo at 120-25° for two hours: C, 
62-7; H, 3-8 Ci,H l0 O, requires C, 62 9, H, 3 5%). 

The tetraacetate was prepared by heating the above compound (0-1 g.) 
with acetic anhydride (5 c.c.) and fused sodium acetate (2 g.) for two hours 
It was crystallised twice from acetone-elhyl-acetate mixture when it was 
obtained as thin long needles melting at 254-55° with slight sintering at 
248° (Bargellmi and Oliviero* give mp 249°) (Found- C, 61 0. H, 4 3; 
CttHi.0,0 requires C. 60 8, H, 4 0%) 

Summary 

6:7.8-Tnhydroxy and 6:7:8.4'-tetrahydroxyflavones and their deriva¬ 
tives (methyl ethers and acetates) have been prepared starting with 2-hydroxy- 
3:4.5-trimethoxyacetophenone and adopting the Baker-Venkataraman pro¬ 
cedure. Their properties and reactions have been studied and compared 
with those of the isomeric compounds, baicalein and scutellarein 
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CONSTITUTION OF PATULETIN 
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In Part I 1 patuletin, CnHuO,, the colouring matter of Tagetes patula, was 
shown to be a mono-methyl ether of quercetagetm. From a study of its 
properties and reactions and from a comparison with related compounds, 
the methoxyl was considered to be in the 6-position. This point has now 
been further investigated through the study and synthesis of pentaethyl 
patuletin and definite conclusions arrived at. For this purpose patuletin is 
fully ethylated by means of ethyl iodide and anhydrous potassium carbonate 
in anhydrous acetone medium The penta-ethyl ether is obtained as a 
colourless crystalline compound in good yield. When subjected to fission 
by means of alcoholic potash, it yields an acid which is identified to be 
0-dicthyl protocatechuic acid both by analysis and by comparison with an 
authentic sample The formation of this acid as one of the products of 
degradation confirms the idea that the methoxyl should be situated m the 
benzopyrone part As the second product, an orthohydroxy acetophenone 
is also isolated It is not identical with queroetagetol tetraethyl ether* and is 
found to contain three ethoxyl groups and one methoxyl 



(in) UV) (V) 

Since the properties of patuletin indicate that the 3- and 5-positions 
carry hydroxyl groups there are only two possible constitutions for the above 
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mentioned ketone: (1) at : 5:6-tnethoxy-4-methoxy-24iydroxy-acetopbenone 
(I) corresponding to the 7-methoxy formula for the flavonol and (2) o>. 4:6- 
trietboxy-5-methoxy-2-hydroxy acetophenone (II) corresponding to the 
6-mcthoxy formula A ketone with the second alternative constitution has 
now been synthesised starting from phloroglucinol by the general methods 
described in Part II * Phloroglucinol is converted into <u-ethoxy- phloraceto- 
phenone (III) which is subjected to partial ethylation to yield «u • 4 6-tn- 
ethoxy-2-hydroxy-acetophenone (IV). This is found to be the same as the 
ketone obtained by Perkin 4 by the alkali degradation of queroetin-pentaethyl 
ether and called also hydroxy-fisetol-tricthyl-ether The above-mentioned 
procedure constitutes a convenient method for its synthetic preparation 
Oxidation of this ketone with alkaline persulphate introduces a hydroxyl 
in the 5-position yielding the p-dihydroxy-ketonc (V) whose constitution 
is based on well-known analogies and also supported by its properties By 
further partial methylation with dimethyl sulphate and potassium carbonate 
is obtained a product, the reactions and properties of which indicate that 
it has the constitution (II) This synthetic ketone is found to be identical 
with the degradation product from pentaethyl patuletin Further con¬ 
densation of the synthetic ketone with O-diethyl protocatechuic anhydride 
and sodium O-diethyl protocatechuate yields a compound identical with 
penta-ethyl patuletin Therefore the position of the methoxyl group in the 
ethyl ether and consequently in patuletin is definitely fixed as the 6 and this 
is in agreement with all the properties and reactions of patuletin already des¬ 
cribed The above-mentioned transformations could then be represented as 
given below. 



The presence of methyl ether groups in the several available positions 
of anthoxanthins and related anthocyanins should be of interest. In the 
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more fundamental 5:7-hydroxy series such as quercetin and other*, the 
methoxyl is found commonly in the 3- and 7-positions and also in the side— 
phenyl nucleus. The preferential methylation of the 6-hydroxyl m patuletin 
is remarkable. This seems to be peculiar to the 5:6:7-arrangement of the 
hydroxyls. Among flavones, oroxyim-A (VIII)* found in Oroxylum btdlcum 
and 6:4'-dimethyl ether of scutellarein (IX)* found in the flowers of Unaria 
vulgaris could be mentioned. In the tsn-flavone senes irigcnin (30’ » *i*° 
a 6-methyl ether. 


“•o-y 

OH 

(VIU), R-H (X) 

(IX), R-OM. 

Experimental 

Ethylation of patuletin r—A solution of patuletin (1 Og.) in anhydrous 
acetone (80cc) was treated with ethyl iodide (1 5cc.) and anhydrous 
potassium carbonate (10 g) The mixture was refluxed gently and ethyl 
iodide (1 • 5 c.c. each time; total 6 c.c.) was added at intervals of eight hours. 
After 30 hours, the potassium salts were separated by filtration and washed 
with warm acetone The salt residue was completely soluble in water and 
yielded no precipitate on acidifying with dilute hydrochlonc acid The 
acetone filtrate was concentrated on a water-bath to about 5 c.c and left in 
the ico-chest. After 24 hours, pale brown crystals separated out. The solid 
was filtered and washed with a small quantity of acetone. When crystallised 
twice from alcohol using a small quantity of animal charcoal, it came out 
in the form of colourless prismatic rods melting at 127-8°. Yield. 0*75g. 
The pentachtyl ether was insoluble m warm aqueous alkali and gave no ferric 
chloride colour m alcoholic solution. It was easily soluble in acetone and 
ethyl acetate and moderately soluble in alcohol and benzene (Found: C, 
66-6; H. 7*1; C^HmO, requires C, 661 and H, 6-8%. Total OC.H* 
and OCH, expressed as OCH,, 39-5; penta-ethoxy-monomethoxy-flavone 
require* 39*4%). 

Alkaline degradation of O-pentaethyl-patuletin (F7/).—O-Pentacthyl- 
petuletin (0-6g.) was refluxed with 7% absolute alcoholic potash (20c.c.) 
on a water-bath for 6 hours. The solvent was removed under vacuum and 
the concentrate diluted with water (75 c.c.). The solution was then acidified 
with hydrochloric acid and the product was extracted repeatedly with ether. 


0 ° 
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The ethereal solution was shaken thrice with dilute sodium bicarbonate 
solution. 

The ketonic part (II)-—On evaporating the ether solution a pale yellow 
oil was obtained which solidified on scratching with a glass-rod. Whon 
crystallised twice from aqueous alcohol, it was obtained in the form of pale 
yellow rhombohedral plates melting at 86-87° Yield: 0 I5g. It dissolved 
in sodium hydroxide giving a pale yellow solution. With ferric chloride, 
a reddish brown colour was obtained in alcoholic solution (Found ■ C. 
60-6; H. 7-7, C,,H m O, requires C, 60 4 and H, 7-4%). 

Add part .—The sodium bicarbonate extract when acidified with hydro¬ 
chloric acid, yielded a white crystalline solid. It crystallised from hot water 
in the form of long rectangular rods melting at 165-66° and as identified 
to be O-diethyl-protocatechuic acid It did not depress the melting point 
of a pure sample of the diethyl ether prepared by ethylating ethyl proto- 
catcchuate with ethyl iodide and potassium carbonate in anhydrous acetone 
medium and hydrolysing the resulting ethyl O-diethyl protocatechuate with 
alkali (Found- C, 63 0, H, 7-0; C n H u O, requires C, 62 9 and H, 6-7%) 

«u-Ethoxy-phloracetophenonc (III).—Anhydrous phloroglucinol (7 0g.) 
and ethoxy acetonitrile* (7-0c.c) were condensed under the conditions of 
Hoesch synthesis following the method used for phloracctophcnone.* The 
product crystallised from hot water in the form of stout rhombohedral 
prisms melting at 197-8° Yield • 7 5 g. It was easily soluble m alcohol, 
acetone and ether, and gave a reddish violet colour with ferric chloride in 
alcoholic solution (Found in a sample dried at 110-20° for three hours: 
C, 56 9; H, 5 • 8; Ci«H u O ( requires C. 56 ■ 6 and H, 5 • 7%) 

<u-4:6-Tnethoxy-2-hydroxy-acetophenonc (IV).—cu-Ethoxy-phloraceto- 
phenone (2-1 g., 1 mol,) was refluxed in anhydrous acetone solution (80c.c.) 
with ethyl iodide (l-8cc. 2-2mol) and anhydrous potassium carbonate 
(6 g.) for 12 hours. At the end of the reaction, the acetone was distilled of 
and the residue treated with water (100 c.c.) The precipitate was filtered 
and washed with water It was sparingly soluble m aqueous alkali. In an 
attempt to remove any fully ethylated ketone that might be present, the crude 
product was dissolved in ether and the solution extracted with 5% aqueous 
sodium hydroxide. The recovery was small and incomplete even after six 
extractions. On acidifying the alkaline sohmon with hydrochloric acid, 
a colourless crystalline solid separated out. It was crystallised twee from 
alcohol when w : 4:6-triethoxy-2-hydroxy-acetophenone (TV) was obtained 
in the form of thin flat needles and plates melting at 96-97°. Yield, 
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When the remaining ether was evaporated to dryness and the residue 
(1 Og.) crystallised from alcohol the same substance was obtained. The 
reactions and the melting points were identical and there was no depression 
in the mixed melting point. Thus the product of ethylation seems to consist 
entirely of the hydroxy-triethoxy ketone (IV) and the fully ethylated product 
was not present in detectable amounts. 

The substance was easily soluble in alcohol, acetone and benzene. It 
gave a brownish red colour with ferric chloride in alcoholic solution. It 
was not easily soluble in aqueous sodium hydroxide and gave a sparingly 
soluble sodium salt (Found. C, 62 7; H, 7 8; OC,H t , 49 9, C, 4 H M 0 5 
requires C. 62-7; H, 7-5 and OC,H,. 50 4%) 

For purposes of comparison an authentic sample of the above ketone 
was prepared from quercetin (0- 3 g) in the following manner. The flavonol 
was ethylated by boiling for 30 hours in anhydrous acetone solution with 
ethyl iodide (2 c C ) and anhydrous potassium carbonate (2 g ) The penta- 
ethyl ether thus obtained was subjected to fission using absolute alcoholic 
potash (3 c c. 7%) and refluxing for six hours After adding excess of water, 
it was extracted with ether From the ether solution, by shaking with aqueous 
sodium bicarbonate was separated O-diethyl-protocatechuic acid. The 
residual ether solution on evaporation gave a good yield of hydroxy-fisetol- 
triethyl ether In every respect it was identical with the synthetic sample 
described above and the mixed melting point was undepressed. 

m : 4: b-Triethoxy-2 • 5-dihydroxy-acetophenonc (V).—To a mechanically 
stirred suspension of ketone (IY) (2 • 7 g) in water (50 c c) was added aqueous 
sodium hydroxide (5% 50cc) slowly Only part of the ketone went into 
solution immediately and the rest dissolved completely only towards the end 
of the reaction The mixture was then cooled to 15° and potassium per¬ 
sulphate (4-1 g. in 100 cc of water) and aqueous sodium hydroxide (5%, 
50 cc.) were added alternately during three hours while maintaining the 
mechanical stirring all the while. After the addition, the solution was left 
at room temperature for 20 hours. The insoluble portion was then filtered 
off and the alkaline filtrate neutralised with hydrochloric acid. The un¬ 
reacted ketone (0-8 g.) separated out and was removed by filtration The 
filtrate was treated with concentrated hydrochloric acid (20c.c) and kept 
on a boiling water-bath for about 15 minutes. An oily layer separated out 
on cooling and it solidified slowly into a dark brown sticky crystalline mass. 
It was dissolved in ether and treated with petroleum ether till turbidity 
appeared On leaving it aside for about 15 minutes, a small amount of a 
dark brown sticky impurity separated out and the clear yellow solution could 
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be decanted. On evaporation it yielded yellowish brown crystal* which 
when recrystallised from hot water came out in the form of broad square 
plates melting at 101-103° A second crystallisation from aqueous alcohol 
raised the melting point to 103-04° which could not be improved further 
Yield. 0 6 g With alcoholic feme chloride it developed a transient green 
colour which changed rapidly to yellowish brown and finally to deep red in 
the course of half-an-hour. It did not give any precipitate with neutral 
lead acetate in alcoholic solution (Found C, 59 0, H, 6 7, C u H w O« 
requires C. 59 2 and H, 7 0%) 

«o 4 • 6-Triethoj:y-5-methoxy-2-hydroxy-acetophenone (II) —A solution of 
the dihydroxy-ketone (V) (l-0g., lmol) in anhydrous benzene (60cc) 
was treated with dimethyl sulphate (0-5 g , 1 1 mol) and anhydrous potassium 
carbonate (3 g) and the mixture refluxed for 12 hours Towards the end 
of the reaction, the benzene layer developed a dark brown colour The 
potassium salts weTc then filtered off and washed thnee with warm benzene 
The filtrate was cooled and extracted thrice with aqueous sodium hydroxide 
(5%, 25 cc.). When acidified with hydrochloric acid, the clear alkaline 
extract deposited an almost colourless crystalline solid After two crystalli¬ 
sations from aqueous alcohol it was obtained as colourless long rectangular 
plates melting at 85-86° Yield. 0 4 g It did not depress the melting point 
of the ketone obtained from the degradation of O-pentacthyl patuletm. It 
gave a pale reddish brown colour with ferric chroloride in alcoholic solution 
(Found C, 60 6; H, 7 6; C l5 H„0, requires C. 60 4 and H, 7-4%. 
Found total OEt and OMc calculated as methoxyl 40 9, the formula requires 

0‘Diethyl-protocatechuic anhydride .—Thionyl chloride (2 Oc.c) was 
added in small quantities at a time with vigorous shaking to a suspension of 
O-dielhyl-protocatechuic acid (8 4g) in anhydrous ether (100cc.) con¬ 
taining anhydrous pyridine (lOc.c.) Throughout the addition the tempe¬ 
rature of the reaction mixture was kept at 0° by cooling in an ice-bath After 
the addition was over (30-45 mts) the flask was left in the refrigerator for 
three hours and the mixture was shaken with crushed ice and filtered. The 
granular solid product was then triturated successively with ice-cold water, 
dilute ice-cold hydrochloric acid and ice-cold sodium carbonate solution 
(5%) P mail y the anhydride was washed with ice-cold water until free from 
sodium carbonate. It was then pressed between the folds of filter paper and 
dried in vacuo over concentrated sulphuric acid. The crude product melted at 
148-49° with slight sintering at 145° When recrystallised from benzene 
it was obtained as stout rectangular prisms melting at 149-50° Yield, 
6-5g (Found: C, 661; H, 6-3; Ct*H*0 T requires C, 65-7 and H, 6-5%) 
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Synthesis of O-pentoethyl-patuIetin .--An intimate mixture of «:4:fl- 
tnethoxy-5*metboxy-2-bydroxy-acetophenone (II) (0 3g.), O-diethyl-proto* 
catechuic anhydride (1-Og) and the sodium salt of O-diethyl-protocatechuic 
acid (0 5 g.) was heated under reduced pressure at 170-80“ for four hours 
At the end of the reaction, the solid crust was broken up and refluxed with 
alcohol (10 c.c.1 for about ten minutes It was then treated with alcoholic 
potash (1 g. of KOH in 5c.c of alcohol) and refluxed for 15 minutes more. 
As much alcohol as possible was removed under reduced pressure and excess 
of water added to the residue. A colourless crystalline solid remained un- 
dissolved It was filtered and washed with water till free from alkali and 
crystallised twice from alcohol when it was obtained in the form of colourless 
rectangular prismatic rods melting at 128-29°. A third crystallisation was 
also done but it did not improve the melting point This substance did 
not dissolve m warm or cold aqueous alkali and developed no colour with 
ferric chloride in alcoholic solution Yield, 0-2g. (Found C, 65 7; H, 
6 5, CjjHmO, rcquiros C, 66 1 and H, 6 8%. Found total OC,H, and 
OCH, calculated as OCH,. 38 9 , pcntaithoxy-mono-metboxy-flavone 
requires 39-4%). This product did not depress the melting point of 0-pcnta- 
ethyl-patuletin obtained by the ethylation of patuletin 

The alkaline filtrate left after the separation of the above solid product 
was saturated with carbon dioxide. A small quantity of dark brown 
amorphous material was deposited Since it was too small, it was not studied. 

Summary 

The constitution of patuletin as 6-0-methyl quercetagetin has been 
finally established by the study of its penta-ethyl ether which yields O- 
diethyl-protocatechuic acid and to. 4: 6-tnethoxy-5-methoxy-2-hydroxy-accto- 
phenone on degradation with alkali The above ketone and 0-pentaethyl- 
patuletm have been synthosised by unambiguous methods starting from 
tu-ethoxy-phloroacetophenone. 
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In an earlier communication 1 the determination of the constitution of 
kanugin (I) as 3:7.5'-tnmcthoxy-3' • 4'-methylencdioxy-flavone was re¬ 
ported, based on a study of the compound and of its decomposition pro¬ 
ducts This constitution has now been confirmed by synthesising kanugin 
from w ■ 4-dimethoxy-2-hydroxy-acetophenone (fisetol dimethyl ether) and 
the anhydride and sodium salt of mynsticic acid. The synthetic product 
is found to be identical with the natural one m all its properties and re¬ 
actions and the mixed melting point is not depressed 



with components containing mcthylenedioxy group and since mynsticic 
acid is not easy to obtain, exploratory experiments have been done using 
first the anhydride and sodium salt of piptronylic acid The condensation 
with cu-methoxy-resacctophenone proceeds smoothly to yield 7-hydroxy-3- 
methoxy-3'. 4'-methylenedioxy-flavone (11). The best yields are obtained 
by limiting the heating to 2-3 hours. Incidentally the condensation has 
also been carried out with w . 4.6-tnmethoxy-2-hydroxy-acetophenone to 
yield 3 5:7-tnmethoxy-3'• 4'-methyIeredioxy-flavone (III) which is de¬ 
signated ‘ ilro-kanugin’. This compound differs from kanugin in that it has 
A3 147 
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a methoxyl group in position 5 instead of in 5'. Unlike kanugin it does not 
exhibit fluorescence either in alcohol or in concentrated sulphuric acid. This 
seems to be another example of the influence of position 5, in suppressing 
the emission of fluorescence by anthoxanthins and related compounds. 

Under the same conditions as those adopted for the preparation of the 
above compounds, kanugin could be obtained starting from mynsticic acid. 
This acid was made in the past by the oxidation of isomynstidn prepared 
from oil of nutnug 1 A simplified procedure has now been adopted for 
obtaining it in good yield from the same source. It was first made synthe¬ 
tically by Baker* from 4 • 5-dihydroxy-3-methoxy benzaldehyde using methy¬ 
lene sulphate and aqueous potash but the yields reported by him (about 5%) 
were very poor By a modification of the method of mcthylenation the 
yield could now be raised to 75%; 4 * 5-dihydroxy-3-methoxy benzaldehyde 
could be conveniently methyknated in anhydrous acetone solution using 
methylene sulphate and anhydrous potassium carbonate The product 
comes directly pure without any difficulty 

Experimental 

Piperonylic anhydride —Piperonylic acid (10 g) (dried in an air oven 
at 110-20° for 2-3 hours) was mixed with dry carbon tetrachloride (20cc) 
and the mixture treated with powdered phosphorous pentachlonde (10 g) 
in small amounts. It was warmed on a water-bath till no more fumes were 
evolved and all the solid went into solution (10 minutes). The solvent and 
the phosphorus oxychloride were then removed under reduced pressure on a 
water-bath when the acid chloride was left behind as a white crystalline solid. 
It was directly dissolved in anhydrous ether (lOOcc) and dry pyridine 
(18c.c) slowly added while cooling in ice After leaving in the ice-chest 
for 2} hours, the mixture was treated with small bits of ice with vigorous 
stirring In about 10 minutes a pale crqam-coloured solid separated out 
m good yield. It was filtered, washed with ice-cold dilute hydrochloric acid 
and ice water and dried in a vacuum desiccator Yield, 7 g. On crystal¬ 
lising from anhydrous benzene it came out as big colourless rectangular 
tablets melting at 153-4° (Found. C, 61-5; H, 2 9, Q«H 1# 0, requires 
C, 61 • 1; H, 3 2%). A small crystal of the compound when warmed with 
gallic acid and sulphuric acid formed a bright blue solution. 

1-Hydroxy-l-methoxy-l '. A'-meihylenedioxy-flavone (//).—<u-Methoxy-res- 
acetophenone (1 g) was fused with piperonylic anhydride (10 g.) and potas¬ 
sium piperonylate (3 g) at 170-80° for 3 hours under reduced pressure. The 
product was boiled with alcoholic potash (80c.c. of 10% solution) for 20 
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minutes. The solvent was then removed under reduced pressure, water 
(100 cc.) was added and the clear brown solution saturated with carbon- 
dioxide when a brown solid (about 1 g.) separated out It was filtered, 
washed and crystallised from alcohol It came out as pale yellow rectangular 
plates melting at 265-67° (Found C, 65 4, H, 3 8, C„H lt O t requires 
C. 65 4, H, 3 8%) The substance was soluble in aqueous alkali with a 
yellow colour and gave no characteristic colour with feme chloride in alco¬ 
holic solution With gallic acid and sulphuric acid it gave a beautiful 
emerald green colour which rapidly changed to pure blue 

3 • 5 1-Trimethoxy-y 4' -methylenedioxy-fia vone (///) (ho-kanugin) — 
<u 4 6-Trimethoxy-2-hydroxy-«icetophenone (1 g) was condensed with the 
anhydride (5 g) and the potassium salt (2 g ) of piperonylic acid, under the 
conditions of the Allan-Robinson reaction After hydrolysis with alcoholic 
potash and removal of the solvent under reduced pressure, water was added 
when a pale brown solid separated out It was filtered and washed with 
water (Fraction A) On saturating the filtrate with carbon dioxide a yellowish 
brown solid separated out (Fraction B) 

Fraction A (iso-kanugin) was crystallised from alcohol when it came 
out as colourless rectangular plates melting at 195-6" (Found C, 64 0, 
H, 4 5, C,»H„0, requires C 64 0 H 4 5) It was insoluble in aqueous 
alkali and gave no colour with alcoholic ferric chloride But it gave an 
emerald green colour with gallic acid and sulphuric acid (test for the methy- 
lcncdioxy group) Unlike kanugm it exhibited no fluorescence in alcohol 
and in concentrated sulphuuc acid it formed a stable- yellow colour It 
could thus be easily distinguished from kanugin 

Fraction B was obtained in varying amounts in different experiments 
and when crystallised from alcohol it came out as a yellow crystalline solid 
melting indefinitely between 200 and 225° It gave a marked olive green 
colour with feme chloride, was sparingly soluble in aqueous alkali and was 
obviously having the 5-OH free This should have arisen as the lesult of 
partial demethylation in the course of the Allan-Robmson condensation 
It was not further examined 

Preparation of mvrhlicic acid (1) from oil of nutmeg —The pro¬ 
cedure followed for the preparation of mynshcin was essentially that of 
Power and Sal way* with a few modifications 

Oil of nutmeg was washed with 5% alkali to remove the phenolic and 
acidic components It was subsequently washed with water and dried over 
sodium sulphate The dry oil was first distilled under reduced pressure 
(60 mm.) when most of the terpenes passed over below 110°. Distillation 
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m to effected under ontar, presrure up to a <»*»«" f J* 

was connected apaiu to dw pump and tint distillation earned 0 P 

of 40 mm. Three fractions were collected (1) bolow 160 ’ . 

and (3) 170-73°. The last fraction corresponded to myastian and its yield 
was 10 g. from 1 50 cc of the oil It gave a positive test for the presence of 
the methylenedioxy group and the identity was further confirmed by the 
preparation of dibromomyristicin dibromidc melting at 128-9° 

The above mymticin fraction (10 g) was dissolved m alcoholic potash 
(alcohol 30 c c and potash 8 g ) and the solution refluxed on a water-bath for 
24 hours The solvent was tlKn distilled off, the residue treated with excess 
of water and extracted with ether The crude isomynsticm left after eva¬ 
porating the ether was directly used for the oxidation 


Isomynsticm (8g) was made into an emulsion with water (500 c.c) 
An aqueous solution of potassium permanganate (22g in 500ce) was 
slowly added, keeping the mixture at 80“ and stirring, during the course of 
an hour and a half It was k:pt stirred for another 30 minutes by which 
time all the permanganate was i educed Sufficient 10% aqueous potash was 
then added in order to make the mixture alkaline and the manganese dioxide 
formed was filtered while hot and washed with hot water From the filtrate 
mynsticic aldehyde crystallised out on cooling This was filtered off and 
ihe solution extracted twice with ether to remove the aldehyde completely 
When the alkaline solution was acidified with concentrated hydrochloric acid, 
mynsticic acid separated out It was filtered, washed with a little water and 
crystallised from methyl alcohol when it came out as big rectangular prisms 
with a tendency to taper at the ends and melting at 212-14°. Yield, 5g 
The residual manganese dioxide was suspended in water and brought 
into solution by passing a current of sulphur dioxide On extracting the 
solution with ether some more of the mynsticic aldehyde could be obtained. 


The total yield of the mynsticic aldehyde was crystallised from water 
when it appeared as thin colourless rectangular plates melting at 131-32° 
Yield, 1 5 g The 2 • 4-dimtrophcnyIhydrazone was obtained as dark red 
nctdles melting at 230-32° 

(n) By Synthesis —A solution of 3-mcthoxy«4 5-dihydroxy benzaldehyde 
(2 g ) and methylene sulphate (2 g.) m anhydrous acetone (30 c c.) was treated 
with freshly ignited potassium carbonate (10 g.) The mixture was then 
refluxed on a water-batb for 6 hours During the course of the reaction 
vigorous effervescence followed by the evolution of formaldehyde and depo¬ 
sition of a white solid m the cooler parts of the condenser were noticed The 
potassium salts were finally filtered off and the residue washed thoroughly 
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with acetone. The filtrate was distilled to remove the solvent when a crystal* 
line solid was obtained. It was almost pore mynsticic aldehyde and was further 
purified by crystallisation from water when it separated as thin colourless 
rectangular plates melting at 131-2° Mixed melting point with the sample 
of mynsticic aldehyde from oil of nutmeg was not depressed Yield, ! 5 g 
Myristicic anhydride —The anhydndc was prepared m just the same 
way as piperonylic anhydride starting from the dry acid (4 g), phosphorous 
pentachloride (Sg.) and anhydrous pyridine (8cc.) The crude product 
was obtained as a white solid, yield, 2 5 g When crystallised from an¬ 
hydrous benzene it came out as stout rhombic prisms melting at 172-3“ 
(Found C. 58 1, H, 4 1, C 16 H, 4 0, lequircs C. 57 8, H, 3 7%) 

3 • 7. 5’-Trimethoxy-y. d'-mtthylenedioxy-flavone (1) ( kanugin) —An inti¬ 
mate mixture of <u 4-dimethoxy-2-hydroxy acetophenone (0-8 g), mynsticic 
anhydride (2g) and the sodium salt of mynsticic acid (0 5g) was heated 
under vacuum at 170 80° for 3 hours The product was cooled, powdered 
and boiled with alcoholic potash (30c c ol 10% solution) for 15 minutes 
The solvent was then distilled off under reduced pressure, the residue treated 
with water (100 c c ) and the pale brown solid that separated out was filtered 
and washed It was purified by crystallisation from alcohol when it came 
out as colourless rectangular plates melting at 204-05° Yield, 0 8 g 
Mixed melting point with a pure sample of natural kanugin was not depressed 
(Found C, 64 4, H, 4 4, C lt H w O, requires C. 64 0, H, 4 5) 

An alcoholic solution of the compound gave a blue fluorescence In 
concentrated sulphuric acid it dissolved to a bright yellow solution which 
changed through orange to red with green fluorescence just like the natural 
sample With gallic acid and sulphuric acid it developed a beautiful emerald 
green colour. 

Summary 

The synthesis of 3-methoxy-7-hydroxy-3' 4'-methylenedioxyflavone, 
kanugin and iro-kanugm has been effected Mynsticic acid required for 
the synthesis of kanugin is prepared from oil of nutmeg by a simplified pro¬ 
cedure and an improved method for its synthetic preparation worked out 
There is marked difference in properties between kanugin and iw-kanugin 
(3.5- 7-trimethoxy-3' 4'-methylene-dioxyflavone) 
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(Commuroc ii«l bv Ptof H J Bhabha, r a sc , p * 

As is well known (see Van dcr Wacrden, 1932) the symbols cr*^ are used 
to set up a connection between tensors and spinors for transformations 
of the Lorentz group A is a tensor index running from 0 to 3 while 
A and n are spinor indices which can take the values 1 and 2 only * 
Hitherto it has been usual to prescribe the numbers o* explicitly and to 
show that they remain unaltered when subjected to a Lorentz transforma¬ 
tion and the associated spinor transformation simultaneously In fact the 
spinor transformation associated to a given Lorentz transformation is, in 
effect, defined by this condition In the present paper no use will be 
made of an explicit representation of the o's Ail their properties will be 
deduced from the defining equations (1) and (2) Besides compactness, 
this procedure has the advantage that the same equations and all their 
consequences remain valid even when the most general transformations not 
mcluded in the Lorentz group are admitted. They can therefore be 
directly taken over to the general theory of relativity (c/ Infeld and Van 
der Waerden, 1933) 

For the present the space-time is assumed flat and the metric tensor 
is taken to be gu—0 k&l, goo** - £ u“~£m =s — £m' = * Similarlythe 
antisymmetric spinors *^, « x *. t XfL . «v used for raising and lowering the 
spinor indices are given by «,»■= 1, * l, = 1 For any spinor 

a x => a,,., a x “ 

with similar relations for the dotted spinors The o ’s are defined by the two 
following conditions _ 

( 1 ) 



* In this paper Latin alphabets shall always denote tensor indices the Grailc alphabets 
being reserved for spinor indices. 
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Here the bar denotes conjugate-complex and * ttmn is a tensor antisymmetric 
in alt the four indices with 1 From (1) and (2a) it follows that 


„ „ = S* * *■ o’ (2b) 

The fact that the usual representation of <r’s satisfies (2) becomes obvious 
when, in conformity with the usual method, one regards o» as the two-rowed 
unit matrix and <r\ a*. <r* as the three Pauli matrices and compares their 
commutation rules with (2). Some results, which are already well known 
(Infeld and Van der Waerden, 1933, Fierz and Pauli, 1939) follow 
immediately from (2) 

/ 25’ g' (3o) 

Am V A 


- 2»; g‘ 


(3 b) 


Also 


Am V *<V » 

From the irreducibihty of the Pauli matrices it follows that (Fierz and 
Pauli, 1939) 

o* <= 2b* ? (5) 

However a direct proof based on (2) can be given as follows. Consider 
„* a 1 *’ <r Notice that from (2) 

n ' t t k ‘U „ tf 9 <j m 

- *(* m 

- 21 (g," S p - from (3) 

- nt frobt (2), 


(6) 



1S4 

Also from (2) 
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a** f<r <j / +a j )=» 8 1 « + 8 or 

k ' .« ,.„g , t,«g g i.„ 

Now notice that 

a — o ff • o <r 

Xu afi afi Ad Aa vh 

Therefore 

V«H1 ° AM (%„ **+%, °0 

- * v. [(< <p '"■* °j 

+ ( 8 IC ' a '~%—n*'*0] 

~*‘(K\ag J + K>a/, + < ? 0 

from (6) 

Therefore 

From (7) and (9) it follows that 

v* (a a f» « )=> 0. 
t '/,h* «a /.<*0 a'' 7 

Multiplying by a* and using (2) one gets 


» 4«^ from (2) 

(5) follows immediately from (10). 

A few other useful relations can be derived from (2) Put 


(10 b) 
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Then from (3) 

. klm A him 

A A 

- - a"”+ 2 g u <r" 

-A'"* V2g‘ o’^ 

= - A'"" (- 2^ / <r" 2g / ’” 0^+ 2g / '" <7^ 

= A“" - 2g*“ «/^ f 2g'“ </ 

= -A W + 2g"” ^ 

Adding up the various expressions on the right one gets 

6 a"; -e"*" . A*" + 6(g" «r“ - g*" + g*<r*) 

so that from (6) 

^ a' * p = *' <7"’ - g*" «7^ + g'“ <£ + U Um " a* ^ (11 O) 

The coniugate-complex equation is 

a*^ <r *" o” — g U <7* - g*" < 7 ^ + g /m <7^ - /<7 /( ^ (11 *) 

From (3 cl and (11) 

C *' * p v^ j 2 <»**“- * n *”+ gkng<m + " Un,,) (12 a) 

a ^ a' Xp <7" a"’ "* — 2 (g W g*“ - g*" g*" + g*" g" - l c*'”*) (12 b) 

From (4) and (12) the following well-known relations for any anti-symmetnc 
tensor F# (Laporte and Uhlenbeck, 1931, Fierz and Pauh, 1939) are 
obtained immediately 

n3a) 

4 F + "" (13 b) 



(13 c) 
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where 

f r* tF il a L°' i *~ {F uK»°' XP 

and 

F u’ aiCF u~‘ l K ) 


(14 a) 
(14 b) 


F {/ -i(F +/F w ) 


F F’"" 


It is yet to be proved from (2) that tor every proper Lorentz trans¬ 
formation there exists a spinor transformation such that the two applied 
together leave a k unchanged For this purpose it is sufficient to consider 
i nfini tesimal transformations An infinitesimal Lorentz transformation is 
given by 


where «*, is a real infinitesimal quantity. Similarly 
transformation 


(15) 

infinitesimal spinor 


(16 a) 


a a + >)' a (y^ “ y^) O 6 b ) 

is charactensed by an infinitesimal spinor ij m> , The symmetry of v?, in 
i*, v follows from the invariance of It is therefore sufficient to show 
that for every there exists a such that 

°i »4 -'y ° 3Jl + \ a * aii ”® 07) 

From (5) and (17) the solution is easily obtained 



The transformation matrix of (16) is therefore 


( 18 ) 



A Nttt &» ih* *■Symbols 


157 


It must now be ihown that the tranifonnatkm (19) considered as a repre¬ 
sentation of the Lorentz group satisfies the mtegrability conditions (see 
Van der Waerdcn, 1932) In any representation of the Lorentz group the 
transformation (15) is represented by 
1 + i «*% 

wher e 1* — l 1 * are the representative matncea for the infinitesimal 

transformations (see Van der Waerden / c ). Therefore in our case, from (191 

(2o> 

where o and on the left side are to be looked upon as matrix indices 
The mtegrability conditions for the Lorentz group are well known and are 
i«r» i—i*- g im i /K + V'" i'* - (2D 

Now from (4) and (20) 

<w£ - - 2 — 4 

Therefore 

a*- - f 6 - w w ^ •'«’ 


- W, ^ • % 

- 16 *** «J, 


Therefore 

1 1 


+ 2<riu ** <r , "*’' + t 

o v y+ 4 <«' 

-*«' « I"- 4 *. 


'a'/i 


- - i t ^ ±g„«, g) i ?, +« (*' *-*; <> i' 

«* **< >* i‘ - mnr ‘ * ' ' * ‘ 

Where the sum is to be taken over all permutations of k, I, q with +• or 
— sign according as the permutation is even or odd. So 

*„ ■„ •*— * <£ ± * > >" + i (- ■;> 

+ V•— C ■"> 

- 1“ ■ W + **. 

Thanfora (21) to fulfilled. 
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It it now possible to consider finite Lorentz transformation!. Let the 
transformations (15) be denoted by 1 + i J". The transformation matrix 
of (15) is 


Therefore 




( 22 ) 


where m and n are the matrix indices of the transformation J* A finite 
Lorentz transformation L can be generated from the infinitesimal trans¬ 
formation by the following common device. 



On account of (22) one can write symbolically 
L -«s- i + e+2,+ *+ 

wherc 0" is a matrix defined by induction as follows 

(f-V-OT/V 

It is easy to venfy that 

e t , ¥ m e mn or* i- i (0** r'"> e ir ¥> -- (4 ¥ m fr 80 

for any tensor 9 t , whose only non-vanishing components are 0 B , -= — 0 M 
and 0 lt = - K However since every antisymmetrical tensor can be brought 
to this form by a Lorentz transformation it follows that the above identity 
is valid for every 6 U . Written in matrix form it becomes 
0* +18* 0* 0»-ft 0“ 9”” **,-)* - 0 
Making use of this characteristic equation of 8, it can be proved that 

i [cosh v<*> ( f cosh + cosh V £_£ sh «") 

, . fsinh Vd't. , sinh V<h In 

‘-H w + v* r 

+ c%**' - s,n ^ _ ) *- p + * * * * (23 

wherC - - i 9 U 9*' ± * ^ «*/..» - (23 b) 

This is the expression for the most general proper Lorentz transformation. 
The spinor transformation A associated to (23) is given by 


a*) 
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Now 




' «r 


•rv*-r 


~ > 6 e (-2* m o o"’ o o"’" 5 ') from (11) 

\t> kl mn * a,t P> 9ft 

^ - id 0“B y +'e 9 8 v -«e' a7lfrom(2) 

T */ a 1 b u m » f « tr< • 

~(-*«„0*+ T 6 V„„ ""X 

Put 

a “"H/' + f6 V», (25) 

Then from (24), 

*-(l + f]+Ti + ) + ( l + 3V?T + 

- cosh y/B + s,n ^ d (i e*‘ I„) (26 a) 

or 

cosh v * »;+ " 0 *g 9 i **„ M ** (26b) 

Therefore the spinor transformation associated to any given Lorentz trans¬ 
formation is completely determined As an example consider the case of 
a spatial rotation about the ii axis In this all components of are zero 
except 0„— fl,i - 24 (say) Therefore 
V 


^■-co«* &'+'“VK., 



= cos 4 ^ + i sm ^ J (o^ ■» ** — # ’ ^) (27 n) 

Similarly for a Lorentz transformation along the x* axis the only non- 
vanishing component of 0* i* 0,,=*— 0«»*- 2.i (say), so that 4* and 

A f t - cart - »inh fJ ^ 27 b > 
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In the usual representation o° is the unit matrix and Therefore 

in matrix notation (27<?) and (27fy can he written as 
A -»cos^-/sin^ o* 

A =*• cosh <j> — sinh 4*^ 
where the matrix elements of o 3 are o'^ 

Till now only the proper Lorentz transformations have beer discussed. 
Reflection can now be included in the following way. From (11) 


(28) 


Therefore is the reflection matrix, and by reflection the spinors a^ and 
go over into a„ and b„ given by 


a =„°- 'a. b * ft (29) 

The quantities oj, remain unchanged for the simultaneous application of 
reflection to- the tensor index k as well as to the spinor indices n, v In the 
usual representation <»», is the unit matrix and therefore the only non- 
vamshing components of are *?•*=* — <rj * = — 1 In this case there¬ 
fore (29) coincides with the usual rules for reflection 


If and be two different sets of <r's satisfying (1) and (2) then it 
follows from (5) that 

i* / »»■ 

where 


so that a} are real and 


Therefore at must be the coefficients of a Lorentz transformation apart 
from the fact that they may reverse the direction of time 


Since the equations (1) and (2) are in a proper covanant form they 
remain valid for all real transformations of the tensor space and any 
arbitrary transformations of the spin-space (cf. Infeld and Van der Waerden, 
1933). However it must be borne in mind that for tins general case 

•«**-- V-g 




1 

?- g 
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where g is the determinant of the general g,* matrix. Alao «,* and « 11 
are no longer 1 but are equal to y and * respectively where y i» a spinor 
density of weight 1, ie, on transformation it gets multiplied by the deter¬ 
minant of the transformation in the spin-space (Infeld and Van der Waerden, 
1933) All the results [eg. equations (5), (11) and (12)] therefore hold also 
for the general case which is of importance in the general theory of 
relativity 

In conclusion let us consider an interesting application of (11) to the 
Dirac equation of a particle of spin J Expressed in terms of spinors it 
splits up into the following two equations 


i a x - y/)" (30 a) 

i be - x u \ (30 b) 

To these are to be added the corresponding conjugate-complex equations 
Apart from numerical factors the charge-current-density spinor is given by 
V a u a r. + b * h , (31) 

where a a and b fi are the complex-conjugates of a, and b fl respectively It 
is obvious that the charge-density given by (21) is positive definite if the 
usual representation of o 's is used since in this case o° is the unit matrix 
For every other representation of o's the charge-density is therefore either 
positive or negative definite according as this representation is obtained 
from the usual one by a Lorentz transformation without or with the 
reversal of the direction of time However only the definite character of 
the charge-density is of importance, the sign being immaterial 

Notice that the equations (30) are completely equivalent to the second 


order equation _ 

a* O'* « x -f- x*a h 0 (32) 

which follows from them This becomes obvious if one looks upon (30a) 
as the definition of be Therefore (30) can be replaced by 

t l a =x«r (33 a) 


a* a 


- 


(33 b) 


(31) now becomes 


S —a a +o J a" a a 1 ', (afi — (f) 

ap up «(• 1 • m m 



162 


Harish-Chandra 



a a H i" a ' ' 

I \ fw” («* o' 1 * i o' « J ) 



i i t t,m "a x it a fiom(ll) (34) 

The equations (33) and (34) are completely equivalent to the usual formu¬ 
lation of the Dirac-equation in the force-free case The definite character 
of the charge-density is not quite obvious from (34) Equations (33) resemble 
very much the corresponding equations for a particle of spin 0 

However the equivalence of (301 and (33) holds only for the force-free 
case In case of interaction with an electromagnetic field (30) go over into 


/ 7r a ' a v =- x (35 o) 

i h* - x a \ (35 h) 

where is the spinor coirespondmg to »,> - te<f> x , -A* being the 
electromagnetic potentials and e the charge of the particle The second 
order equation derived from (35) is 


Or from (3) 




it » (I h i (* » » f) a n,t a 1 X s 0^ ~ 0 

which is not the same as that obtained by replacing by n t in (32) There¬ 
fore to take electromagnetic interaction into account it is not sufficient to 
replace J ; by w* in (33) The correct generalisation of (33) in this case is 


X 


(36 a) 


»< + x^ a r~ xa > (366) 

where 

if O and f * a ./> - a <A 

J tl A« « t r > / i 

The extra term m (36 b ) corresponds precisely to the magnetic moment - 
of the electron in Dirac’s theory The expressions (31) and (34) for the 
current vector remain unchanged. From (36) it follows that the Dirac 
equation is completely equivalent to the second order equation 
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provided the current vector is defined by (34). Equations (36) emphasise 
the fact that even in the simple case of spin * correct electromagnetic 
interaction cannot be introduced simply by replacing S* by n* in any 
arbitrary formulation which is valid for the force-free case 
Summary 

The c-symbols are defined by means of the equations (1) and (2) All 
their properties are deduced from their definition without making use of 
any explicit representation Certain interesting relations concerning the 
product of three or more j’s are obtained They are shown to be useful 
in transforming tensors into spinors and vice versa 

Directly from (1) and (2) it is deduced that corresponding to every 
proper Lorentz transformation there exists a spinor-transformation such 
that the two applied together leave the <A unchanged The spinor trans¬ 
formation corresponding to the most general proper Lorentz transformation 
is explicitly given Also the spinor-transformation corresponding to reflec¬ 
tion is obtained It is pointed out that since the defining equations (1) and 
(2) and the relations deduced from them are already in a proper covariant 
form they can be taken over as such to the general theory of lelativity 
Finally the Dirac equation for a particle of spin i is discussed from 
a new angle Here only one spinor together with its space-time derivatives 
(and not two spinors) is used to describe the particle It is shown that the 
Dirac equation is completely equivalent to a second order equation for this 
single spinor The expression for the charge-current density in terms of 
this single spinor and its derivatives is obtained In the present formulation 
correct electromagnetic interaction can be introduced only by the addition 
of an extra term depending explicitly on the field. This additional term is 
the one which corresponds to the magnetic moment of the electron 
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I Introduction 

It is the object of this paper to investigate into the general forms of the distri¬ 
bution law* which possess the mean conserving property and arrive at new 
frequency curves useful for graduation purposes and m tests of significance 
connected with means m random samples. 

The mean conserving property may be defined as follows. Let a variate 
x be characterised by the probability differential 

. .)dx (M) 

A, it, . being constants which may be called the parameters in the distri¬ 
bution law of x. Let x 1 , . .be independent variates from distribution 

laws of the type (1 • 1) defined by the sets of parameters given as rows of the 
matrix 



The type (1 ■ 1) is said to possess the mean conserving property denoted by 



where a, p, y ,.... and {, -q, . are the sets of parameters which have to 

be kept fixed and can be varied in the distribution laws of x v x t , if then- 
mean follows the distribution law of the same type as m (1 • 1) but with the 

« " * UmMn (A.,. (1-4) 

where X, it, .... are functions of the number of x’s and the elements of the 
matrix (1-2). 

A similar definition holds for the sum conserving property defined by 


At 


P. 

V. t...- 


0 - 5 ) 
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Both (1-3) and (1-5) can be made identical by the introduction of a new 
constant as a multiplier of x, and the property (l -3) or (1-5) will be referred 
to as M. 

2 Properties of Distribution Laws Satisfying M 
From the definition of M we derive the relations 

IJ c (t, (i r , .)- c (/, A, /t,„ ) (2’1) 


Zk'lK'H, ..)-*,(*-**.) (2 2) 

where c(») is the characteristic function corresponding to the distribution 
law of x and k t , the sth semi-mvanant of * 

These simple properties enable us to discover readily whether any 
distribution law satisfies M when a study of its moments and semi-invariants 
are made Let us consider the Bessel function populations defined by 

c i n i„ ( X ) 

' T £ ® Ixl" I <6r (2’3) 

T ° e |X ' i k m (x) 

where the upper function is taken when | c | > 1 and the lower whett 
| c | < 1 The moment generating function, in either case, is given by 

{/(/. b, c)>—»- {(l-c*)/(l-c-f tb)}"+i (2 4) 

Sirice 

n {/(I. b. or {fit, b, o>"*♦ *'* (2-4) 

W mn = m t -)• m s + • +m„ (2-5) 

it follows that the sum of n variates from populations of the type (2 3) 
defined by 

lb c m, \ 


follows the same type defined by 
(b c 

For the Bessel function population defined by 


toV*) dx 


(2-8) 
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the jth semi-invanant is given by 

{fcJMii,}- 

Hence the rth semi-invariant of m =» x x + x, + .. + j 

follows the law (2-8) with the parameters a, my, q { is given by 

where mn — m* + w* + . + m* 

and nq* =• ft* + ft* + + ft* 

which shows that (2-8) satisfies the set of parameters 


giving the set 

g B (- n (m +1) — 1 Vnq) (2 12) 

for the distribution of the sum This result has been obtained by Bose 
(1937) when m’s and q' s are the same for all the variables. 

If /c t ( r ), r = 1,2, . n are the semi-invariants of the variates x u x t , 
x,. the distribution laws of which satisfy M, then the semi-invariants of the 
variate Z ^ x t +x t + •••+*« satisfy (2 2). Hence we get the result 
that the distribution law of the sum or the mean of any number of independent 
variates, whose distribution laws satisfy M, also satisfies M. From this it 
follows that the distribution law 

a a— i ? ml /<« <<)« 

df-ce x r(n ~+m) (2>I3) 

/iA= A x -1- A»+ • • • + K 


denved by the author (1942) as the distribution of the sum of n different 
gamma variates following the laws 

c er m * x*'* 1 dx (2 14) 


satisfies M. 

It is well known that the distribution law 


(2-15) 
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satisfies MY Let the variates x t , x„ , x„ have the probability densities 
f(x r , a„ b„ .) O lfi) 


with the corresponding cumulant functions 

S {fi.ttr.br. ) ( 2<17) 

If it is known that the distribution of Z — + *» 4- • + x 18 (2‘15) 

with the cumulant function —A log (1 — ifi/a) then by hypothesis we have 

£' S 09. a„ b„ . )~-A log (1 - iPM (218) 


or 2 F(P,a r ,b„ )=-A 


(2-19) 


where F(ff) -S(/S)/log(l - Differentiating (2 19) with respect to 

P we get 

2 F (fi.) a„ b„ )■= 0 (2 20) 


If this holds for all sets of a„ b„ . then we get by setting them equal 
values for all r, that 

n F' (P. a, b, .. .)= 0 (2-21) 

or S (jS, a, b,.. .)-e log (1 - ip/d) (2 22) 


where c must necessarily be negative lTthe right-hand side is to represent a 
cumulant function. Hence /, (x r . a r , b„ . ) is of the gamma type. So 
we get the result that if the sum of n independent variates drawn from n different 
populations of the same type (the mathematical form remaining the same and 
the parameters may be varying ) follows the gnmma type distribution law, 
then the above original populations also belong to the gamma type. As a result 
of this we get the necessary and sufficient condition for the sum of n into 
pendent observations from a population to follow the gamma type is that the 
population itself is of the gamma type. Also it easily follows that if the 
sum of two variates oj which one follows the gamma type, is distributed in the 
gamma type, then the other variate also follows the gamma type. 


3. Differential Equation Satisfied by thb 
Characteristic Function 


When all the n variates are drawn from the same population, we have, 
if c (/) represents the characteristic function of the distribution m the popula¬ 
tion satisfying M, 

{< ( t, A', ft’, . )}" -* c (t, A, y,. ..). 


(3-1) 
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Taking logarithms and representing log e (!) by 9 (!) we get 

A',ft'... )-^(/, *»M» •••)■ @’2) 

Starting from 9 (t, A', ) we can form the differential equation satisfied 

by ^ under some analytical conditions by eliminating the constants A', p', ... 
The order of the differential equation, is, in general, equal to the number of 
constants eliminated. Since 9 (r, A, u, • • •) also should satisfy this equation, 
we require that 9 and should both satisfy the differential equation for 9 


If the differential equation satisfied by 9 is 

D(<M'....)-0 P 3 ) 

then D(fl& nf,. ..)= 0 ’ (3-4) 

which shows that D must be homogeneous in ift, 9'. 9'. . . the homogeneity 
of D (x, y,. . ) being defined as 

D(ax, ay,. .) =/(«) D(x,y .) (3 5) 

The differential equation (3 4) may be denoted by D H = 0. Hence we get 


the results that the semi-invariant generating function corresponding to a 
distribution law satisfying M satisfies a homogeneous differential equation 
homogeneity being defined as in (3 5). 

From the above differential equation D„ = 0, we can derive the differ¬ 
ential equation satisfied by c(t) by .making the substitutions 

9 =• log c, 9' “ c 'l c etc. (3 6) 

If the differential equation D„ =» 0 arismg out of the probabihty differ¬ 
ential <f> (x) dx is homogeneous then the differential equation arising out of 
the probability differential x (<0 «** 9 (*) dx is also homogeneous which shows 
that the property M is conserved by the multiplication of the distributive 
law by an exponential factor. 

We shall now consider some distribution laws obtained by inversion 
from D* - 0. The simplest case is when the order of D H ** 0 is one, in which 
case the differential equation becomes 

t =-/(!) (an arbitray function) (3-7) 

9 

which gives the solution 

9 - A e** where 9 (!) « //(O dt 
and c(t)~*e+. If admits an expansion in series we get 

c(! ) -e*(‘ ,+ai n +0, 'ff + '“) 


(3-8) 
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which shows the Aa t , Aa,. are the semi-vanants of the distribution. In 

particular if ay, a,,. are the semi-invariants for any distribution law then 
nay, nay, . . are the semi-invariants for the sum of n independent observa¬ 
tions from the above distribution. This gives the result that the distribution 
law of the sum or mean of a number of observations from any distribution law 
with finite semi-invariants satisfies M The functional form of the distribution 
law may change with n but may be capable of being represented by a general 
type of function. Thus we get a huge class of distribution laws satisfying M. 

4. Measures of Departure from M 
Given the probability density <f>i (*. A, V-, ) of a variate x. we can. 

in general, replace the constants A, ft, . . by an equivalent number of semi¬ 
invariants of suitable orders so that <h(x, A, /*, . .) may be written as 
<t>(x,k u k„ ) where k u k x , . are the first, second, etc., semi-invariants. 
Let thecumulant generating function be k(t,ky,k t . ). Then the cumu- 
lant generating function of the mean of n observations is nk (t, k x . k t .... ). 
Let R (l, n, ky, k,. ..) be defined by 

nkQ t ,k v ky....)~k{t,k l ,kJn, . ) 

+ R .) (41) 

When the distribution law satisfies M, R vanishes If not, it can be written, 
when it admits expansion, as 

R (t, n, ky, ...)= Tjjt' (42) 

where s depends on the number of constants involved in the distribution law 
of x. Taking the exponentials in (4-1) we get 


V-iiv (4 ' 3) 

On taking the integral transform we get the probability density S (*) of the 
mean as 

S (*)«*(/. ky, k t ln,--)+ £ (4-4) 

The expression consists of two portions The second part vanishes 

when M holds and measures the departure from M when M does not hold. 

The considerations of replacing S(r) by ky, kyln .) depend upon 

the magnitude of this measure. It is proposed to study the effect of the 
departure from M when n increases and also to consider the effect of 
replacing 4 (*• ky. k t /n ) by the normal approximation. 
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On tht Mum Gmstrvmg Property 
5 Series m Orthogonal Polynomials 
Let M(o) be the m.gf of a variate whose distribution law satisfies M 
and /(a) any arbitrary function. If 


G 1 ~M l (a)^£^{/(«)}'' 

(5 1) 

G,= M.(«) fj' t {f(a)r 

(5-2) 

ate the m gf's of *, and *, following the distribution laws 


Hx.K.Pi. 

(5 3) 

Hx.kt.nt, ■ )dx 

(5 4) 

then the m.gf of z - Xi+ x, is ^ 
O-OsOs-MsM,^ 

(5-5) 



The functional form of G will be same as that of G, and G» 
for c, and a r and b r i.e., a, satisfies the recurrence relation 

if the same holds 

y a r b c t 
r +.«,r! j! /! 

(5-6) 


where b, and c, are of the same form as a, differing only in the parameters 
involved in them If (5 *6> holds then by successive applications we can show 


G*= G, G»-G* (5-7) 

has the same functional form as G,. By a suitable selection of M (o) and 
/(a) we can get several distribution laws satisfying M. 

Let M (o)= (1 - ay* and f(«)=* a/(l- «) 

Since (1 — a)~ f a r j(l — of 

(~\Ya r dC f. 

i = p(p+Tr--jp+T-~i) as - a) 

i.e., the m.g.f corresponding to 

J J ' ( SA ?) l r ( x , P )^( x ) (5-8) 

where * (jr)= Md L,(x.p)-(^) * 4 > (•*) ™ see that 

(1 -a)-* 1 (« 0 + fj/(0+ • • ) ut them g.f. of 
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where a r satisfies (5-6). This is a series in Lagurre’s polynomials satisfying 


Let M (a) = e* v , / (a) - a We get that 


<SW> 

7"- * f! 

is the of 

const.e H!+^ H f + - ^ (S-ll) 

-a**,"* 


where 




which is a senes in Hermite polynomials satisfying M if a r satisfies (5-6) 
By suitable selections of M (a) and /(a) we can obtain the development of 
probability functions satisfying M in a series of Bessel functions (Neumann’s 
expansion) involving J„(x). Hypergcometric and other suitable functions. 
These are omitted here as they are not of direct interest in graduation or 
tests of significance 


6. Some Special Series 

A series of the form 


(61) 


is of special interest for the gamma type distribution occurs as a generating 
function. We shall mvestigate into the nature of a, so that (6 1) satisfies M. 
If x and y follow the type (6-1) with the parameters 

Cl m ‘ p “ ) < 6 - j ) 

Vs A m t p t ... / 

then the distribution of *=■= x+y is given by 

where the integral is over the domain Q defined by x > 0, y > 0 and 
x + y <z. This becomes apart from const r*’ dz, 

ih SE Frrja .f+ k+ r iTto^gr-i) 

j-.+WM-X <»■ + ,> + t 

x F~(m l + m t + A (r-f 3) 

<6 ' 4) 
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a r '»<f r // 1 (fflj + Ar + 1) 
b,' =° bJT (wj + Aj + 1) 

The distribution of Z now becomes 

c' r* dz T' yf r ( ^" + - Wl+ ^7+ i) 

^c^r^dz 2 pf 2 " x/ 
where m « mj + m t + 1 and 

A/ r (/M| -|- fftj + A/+ 1) = A/ *= 1 1 

which show* that (6-1) satisfies M if satisfies (5-6) The method of proof 
can be extended to the sum of n variates. Some particular forms of a' , give 
rise to important distribution laws. 

(a) a' r - <f then (6 11 satisfies ^ 

(i) a> T + r) satisfies M* A,? 

(e) «V“ r (p+ r) <f satisfies M*‘ 

(d) <t r ~ 2 rift + rdtf' r(p t + r,)q r - satisfies 

V. + V.+ --' m,Pi,p+~ 

The solutions for (a), (b). ( c) and (d), in the special case A =-1, become 

(a) c e ** I* (qVx) 

(b) cr+*x"1 m (q*) 

(c) ce* X* xF, ( p, m+ 1. qx) 

id) The distribution (2 13) of Section 2. 
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AN ELECTRICAL AIRPLANE C.G. POSITION 
INDICATOR* 

By P. Nilakantan 
Received November 10, 1945 

Introduction 

Althouoh several types of Airplane C G Determinators are known which 
work on the mechanical principle of the lever just as the common balance, 
their manipulation is rather cumbersome and the devices themselves are not 
very handy In the present paper an electrical circuit is described which is 
capable of indicating the centre of gravity position of an airplane for any 
arbitrary manner of loading after a few adjustments requiring very little skill. 
The design of the circuit for the case of a typical airplane is explained with 
the help of a numerical example This should serve the purpose of further 
clarifying the theoretical considerations 

Basic Principle 

The position of the centre of gravity of an airplane in the horizontal 
plane and at the normal attitude corresponding to the level flight condition 
at cruising speed, is determined by the relation, 



where w, is the weight of load item t, and x ( is the corresponding moment 
arm measured from any convenient centre of gravity datum point, the total 
number of items being n A simple electrical analogy of the division indicated 
in relation (1) may be envisaged by considering a voltage that is proportional 
to the algebraic sum of the moments, applied at the ends of a resistance that 
is proportional to the sum of the weights. the resulting current in the resist, 
ance will be proportional to the distance of the centre of gravity of the air¬ 
plane from the datum point. This is the basic principle of the centre of 
gravity indicator. 

Thbory of tub Electrical Circuit 
The arrangement of an electrical circuit in order that the conditions 
mentioned above may be realized in practice is shown in Fig. I, 


* Psteoti applied for. 
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R $ R, R # R, R„ 1", tj 1J 



r r. r. r 4 r ; 




The resistances, R«, R t , R a . Rio shown in the figure, are made 
proportional to the moment* m 0 , m t , m t , m 19 of the airplane weight 
empty and the altogether 10 item* of the disposable load respectively (n is 
arbitrarily assumed to be 10 in this case) Similarly, the resistances r e , r 1( 
r 10 are made proportional to the corresponding weights w 0 , Wj, . w 10 

respectively All the positive moment* (clockwise) are included in the arm 
ABC while all the negative moments (anti-clockwise) are in the arm AFE 
of the electrical circuit. The R^’s are two equal resistances. G x and G, 
are current meters while G, is a sensitive galvanometer G, has its zero 
reading m the middle of the scale 

The rheostats R x and R r may be so adjusted that G, reads zero, then 
the currents in the arms ABC and AFE are equal The rheostat R, could 
then be adjusted such that the current registered by G t has a specific value 
say c t . Cj is an instrument constant and its significance will become evident 
later. The currents in the arms ABC and AFE of the circuit will have the 
same value, say c», which again will be equal to Jci This is due to the fact 
that the two resistances R*, are equal and G, reads zero. The currents in 
the arms CD. DE. and CHJE will be equal to c t + c„ c, - c 3 , and c x res¬ 
pectively. Applying the well-known law of electrical networks, the follow¬ 
ing relations are obtained:— 

c.R a - c,R b — c/=0 (2) 

(c, + Cl) Rx- (c,- Cs) R v -I- < V- 0 (3) 

c,(R*.+ R*)+ (c,+ cO Rx- c, (R*,+ Rb)+ (c t - cj R v 

* E*,- (Ro,+ R*)cj-Esay (4) 

where, 

R a « R,+ R,+ R,+ R„+ R»+ Rio, 

R,- Ri+ Rt+ R»+ R*+ 

r *» /■# + tt + tt .+ | ’i»i 
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u the resistance of O t and 
r„ includes the resistance of O*. 

From equations (2), (3) and (4), the following relations are easily obtained, 
namely, 

C|= (Ra-R*)c« (5) 


R x ~ {f- (R»+ R*)} r+TRA-'Rn) w 


Although the value of Ci and therefore of c a also may be arbitrarily 
decided upon initially in order to suit the most advantageous design of the 
instrument, the absolute values of R x and R v are not uniquely determined; 
their values will depend upon the values of E and R*, The relative values of 
r x and R v are, however, fixed by the values of R A , R* and r, according to 
the relation. 


Ra- Rb 

r 


Rv- R* 
Rx"b Ry+ f 


( 8 ) 


The operations performed may now be considered in the light of the 
above equations. The essential object of the manipulations has been to 
make c* equal to \c v The relation (5) then directly gives the answer to the 
problem. For, (R A - Rg) corresponds to the algebraic sum of the moments 
and r corresponds to the total weight of the airplane, c, being an instrument 

constant Hence, c a is always proportional to 


Assuming the resistances to be so chosen that 1 ohm of the resistances 
R, is equivalent to a inch-pounds and that 1 ohm of the r,'% is equivalent to 
b pounds, we have then from equation (5), 

^ r *= (R *“ £’ } ° >nches (9) 

i‘i b r b 

In other words, if c*. read m milh-amperes, is multiplied by the factor - 
in which c* is also in millkunperes, we get directly the C.G. position m inches 
from the datum pomt. For practical purposes G, can be calibrated in inches 
of C.G. position fore and aft. Since c ; is an instrument constant, its value 
read on G, may also be indicated by an index mark on the dial of the instru- 
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Sow Practical Considerations 

It is not the purpose here to go into minute details of design of the 
circuit for any airplane. But attention may be drawn to some points of 
practical interest by considering the case of a typical airplane of 6,000 lbs. 
gross weight The weight and moment data of the airplane are given in 
Table I below. 

Table I 


Vlrplane weight empty 
let Patstsonfier 


The datum point m the horizontal plane for the measurement Qf 
moment arms has been chosen for convenience as that corresponding to the 
centre of gravity position of the airplane weight empty In fact, it may be 
preferable to choose the datum point given by the manufacturer himself 
and the centre of gravity limits specified in the Airplane Manual with 
reference to this datum point may be indicated on the dial of G„ This 
however, is only a design detail. 


Table II 


Airplane weight empty 
let Passenger 


Adjustable in fractions t, 4 and 4 of frill value 
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The electncal circuit for the airplane under consideration may be 
designed such that 1 ohm of the R/s is equivalent to 1000 inch-pounds and 
1 ohm of the r/s to 10 pounds weight. The actual values of r, and R/ for 
the various items are then as given in Table II. 

The value of c, is fixed at 20 milli-amperes. Hence c, will be 10 milli- 
amperes. The multiplying factor is 10 when c» is read in milli-amperes, in 
order to get the C.G. position in inches. For the battery a two-volt accumu¬ 
lator cell may be used 

Considering the case of the fully loaded airplane, we have 
R a =641 S3 
R e = 7-65 S3, and 
r — 600 S3 

Hence t s ■= -941 ma. This evidently corresponds to a CO. position 
of 9 41 inches aft of the datum point If the R^’s are each equal to 10 S3, 
then it may be easily shown that, corresponding to a value of (Rc, +Ri) «= 50 S3, 
R x =23-7 Q, and 
Ry 90‘8 S3, 

from equations (4), (6) and (7) 

It may also be shown that if R x is initially kept at some arbitrary value, 
say 20 S3, the appropriate values of R v and (Rc, + Rz) are 86-48 S3 and 52 S3 
respectively 

The above considerations show that the manipulation of tho instrument 
is a very simple matter and often only R v and R z need be adjusted. 

By means of the short-circuiting plugs provided, any arbitrary manner 
of loading of the airplane may be reproduced on the circuit (see Fig 1), and 
the C.G position in inches read directly on the dial of G a after two or 
three adjustments. 

Summary 

The theory of the electncal circuit of an Airplane C.G. Position 
Indicator has been developed. The practical application of the circuit to 
the case of a typical airplane has been demonstrated with the help of a 
numerical example. 
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2:4-Dihydroxy-5-formyl benzoic acid was synthesised by Desai and 
Radha, 1 by the action of hexamethylene tetramine on methyl-0-resorcylate 
in glacial acetic acid. The same reaction has now been extended to some 
phenols and to methyl-2 * 3.4-tnhydroxy-benzoate 

Methyl-2-3.4- tnhydroxy-benzoate on formytation with hexamethylene 
tetramine in glacial acetic acid, yielded methyl-2 3.4- tnhydroxy-5-formyl- 
benzoate, which was characterized by the preparation of its 2 4-dinitro- 
phenyl hydrazonc, 4-nitrophenyl.hydrazone and semicarbazone derivatives. 

The ortho-hydroxy-aldehydic structure of the formyl ester was proved 
by the preparation of the coumann derivatives of the formyl ester with ethyl 
acctoacetate and ethyl malonate by the Knoevenagel condensation Thus, 
with ethyl acetoacctate, the ester gave methyl-7 - 8-dihydroxy-3-acetyl- 
coumarm-6-carboxylate and with ethyl malonate, it afforded ethyl-7 * 8- 
dihydroxy-6-carbomcthoxy coumarin-3-carboxylate 

Clemmensen reduction of the formyl ester afforded metbyl-2.3 4-tri- 
hydroxy-3-methyl benzoate 

Hydrolysis of the ester gave the corresponding aldehydo-acid, 2.3 4- 
trthydroxy-5-fonnyl benzoic acid, which when subjected to decarboxylation 
underwent decomposition 

On Perkin’s acetylation and condensation with bromacetic ester, the 
formyl ester was recovered unchanged. 

Attempts were made to forjnylate orcinol, methyl-p-orsdlinate, phloro- 
glucinol, resacetophenone, methyl-resaceto-phenone carboxylate, hydro- 
quinone, 1.3.5-tnacetoxy benzene, metbyl-a-resorcylate, y-rcsorcylic acid, 
and methyl-y-resorcylate, Of these, orcinol, methyl-p-orsellinate, phloro- 
glucujol, y-resorcyhc acid and methyl-y-resorcylate gave amorphous, yellow¬ 
ish-brown, high-melting compounds which contained appreciable amount 
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of nitrogen. Resacetophenone and hydroquinone gave oily products which 
did not solidify, whereas in the case of methyl resacetophenone carboxylate 
and 1.3: 5-triacetoxy benzene, no reaction took place and the starting com¬ 
pounds were recovered. Methyl-o-resorcylate afforded a yellowish, nitro¬ 
genous amorphous, and high-melting compound which reacted with dirntro- 
phenyl-hydrazine, indicating the presence of traces of the aldehyde compound. 

Experimental 

Formylatton of methyl-1 : 3: 4-trihydroxy benzoate ‘ Methyl-2 ■ 3:4-tri- 
hydroxy-5-formyl benzoate A mixture of methyl-2.3 • 4-tnhydroxy benzo¬ 
ate (12 g.), hexamethylene tetramine (36 g), glacial acetic acid (60 cc.) and 
sodium bi-sulphite (6 g.) was heated on a water-bath for 8-10 hours and for 
further 3-4 hours after the addition of dilute hydrochloric acid (130c.c., 
1:1) An orange-red compound, which separated, was filtered off The 
filtrate was salted and both the filtrate and the orange-red solid, were ex¬ 
tracted with ether, when a pale-yellow mass was obtained on the evaporation 
of the ether. On crystallizing from dilute hot alcohol, whitish, shiny, micro- 
crystals were obtained (6 7g), m p 169-70°. (Found: C, 514; H, 4 3; 
C,HjO, requires C, 50 9; H, 3 ■ 8 per cent) It gave a dark green colouration 
with alcoholic ferric chloride 

The 2: 4-dlnltrophenyl hydrazone of the formyl ester prepared in the 
usual manner and crystallized from glacial acetic acid in tiny orange-red 
crystals, melted at 295° (Found N, 14-2, CuHj,0,N« requires N 
14-3 per cent.) 

The 4-mtrophenyl hydrazone of the ester, prepared by the usual method 
and crystallized from acetic acid m orange red micro-crystals, melted at 
285° with decomposition. (Found. N, 121, C^uC^N, requires N, 
12-5 per cent.) 

The semicarbazone of the ester, prepared in the usual manner, gave 
colourless micro-crystals, m.p. 238° (Found. N, 15-6; C w HaO,N 1 
requites N, 15-7 per cent) 

Methyl-1'. 8 dihydroxy-’i-acetyl-covmarut-6-carboxylate.— Piperidine (3 
drops) was added to a mixture of the formyl ester (1 g.) and ethyl acetoscetatc 
(1 g.) dissolved in pyridine (10 c.c), and the mixture was heated at 100° for 
one hour. The solid obtained on the addition of dilute hydrochloric acid 
was triturated with 2 N-potassmm hydroxide solution to remove the unreacted 
formyl ester. The insoluble solid obtained crystallized m greyish-white 
needles from dilute hot alcohol, m.p. 263-64°. (Found. C, 56*3; H, 4-0; 
CiiH„Of requires C, 56-1; H, 3 6 per cent) 
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Ethyl-7 : i-dihydroxy-(t-carbomethoxy-coumarin-3-carboxylate —Piperidine 
(3 drops), was added to a mixture of the formyl ester (1 g) and ethyl malonate 
(1 g) dissolved in pyridine (lOc.c) and the mixture was heated on boiling 
water-bath for two hours. The solid obtained on acidifying with dilute 
hydrochloric acid, crystallized from hot alcohol in colourless needles 
(0-25g), op. 245-47°. (Found- C, 54 2; H, 3 5, CuH x ,O t requires 
C, 54 5; H, 3-8 per cent). 

Methyl-2 :3: 4-trihydroxy-5-methyl benzoate. —The formyl ester (1 5g.), 
dissoved in hot alcohol (20c.c), was gradually added to a mixture of zinc 
amal gam (preparod from 20 g. of zinc dust according to Robinson and Shah*) 
and dilute hydrochloric acid (50 c c, 1 • 1) at 100°, more alcohol being added 
to keep the ester in solution whenever it was necessary. After one hour, 
concentrated hydrochloric acid (10 c c.) was added and the heating continued 
for a further half hour The hot liquid, after filtration deposited shining, 
greyish micro-crystals, mp. 178-79°, on cooling. The ethereal extract of 
the zinc amalgam gave a further yield of the same compound Total yield 
(0-8g.). (Found: C, 54-3, H, 5 0; C,H 10 O, requires C, 54 5, H, 5 0 
per cent.) It did not react with 2 4-dinitrophenyl hydrozine and the mixed 
melting point with the formyl ester was 130-40° 

2.3: 4 -trihydroxy-5-formyl-benzoic acid —The aldehydo-ester (0 • 7 g.) 
was dissolved in sodium hydroxide solution (20cc, 10%) and heated on 
a water-bath for 2-3 hours. The hot solution was filtered and acidified with 
hydrochloric acid. The solid was purified through sodium-bi-carbonate 
solution and crystallized from very dilute alcohol in colourless micro-crystals, 
mp. 221-22°, (Found- C, 48-7; H, 3 0; C,H,0, requires C, 48 5; 
H 3-0 per cent) 

The foregoing formyl acid (0-2 g.) was heated in a hard glass sealed tube 
with wator (10cc) and hydrochloric acid (1 cc) for 5-6 hours at 160-70°. 
The dark brown solid purified through sodium bicarbonate solution did not 
give tests for the aldehydo group with 2:4-dimtro-phenyl-hydrazine. 

Summary 

1. Methyl-2 • 3:4-trihydroxy benzoate was formylated by the action 
of hexamethylene-tetramine in glacial acetic acid and methyl-2: 3:4-tn- 
hydroxy-5-fomyl benzoate was obtained. Several derivatives of the formyl 
ester were prepared and the structure established. 

2. Formylation of several hydroxy compounds was also attempted. 
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In- continuation of our previous work , 1 the forxnylation of phenols and phenol 
carboxylic esters, has now been extendod to some methyl esters of naphthol- 
carboxyhc acids, namely, methyl-2-hydroxy-3-naphthoate and methyl-2- 
hydroxy-l-naphthoatc. 

Methyl-2-hydroxy-3-naphthoate on formylation with hcxamcthylene 
tetramine in glacial acetic acid, yielded a mixture of methyl- 2 -hydroxy-l- 
formyl- 3 -naphthoate and 2-hydroxy-l-formyl-3-naphthoic acid. The struc¬ 
ture of the latter was proved by the hydrolysis of the former and the subse¬ 
quent hydrolysis product on decarboxylation underwent simultaneous de- 
formylation to give /3-naphthol, The formyl ester and the aod both were 
characterized by their functional derivatives, like 2 .4-dimtro-phenyl hydra- 
zones and semicarbazones The ortho-hydroxy aldehydic structure was 
proved by the formation of coumarm derivatives, viz., 3-acctyl-lO carb- 
mcthoxy- 0 -naphtha-a-pyrone and 3-carbethoxy-10carbmethoxy-j8-naphtha- 
o-pyrone by the knoevenagel condensation of the formyl ester with ethyl aceto* 
acetate and ethyl malonate respectively. On subjecting it to Perkin’s acetyl¬ 
ation it yielded, lO-carbmethoxy- 0 -napbtha-o-pyrone while condensation 
with ethyl bromoacetate gave, ethyl- 1 -formyl-3-carbmethoxy-naphthalene-2 
6 -acetate, which on treating with sodium ethoxide in absolute alcohol, gave 
a coumarone derivative, cthyl-/9-napbtha-furane-9-carboxy-2-carboxylate. 
Cleramensen reduction of the formyl ester with different solvents, under 
different conditions, gave different products. Methyl alcohol as the solvent 
afforded methyl-2-hydroxy-l-methyl-3-napbthoate, which on hydrolysis gave 
the corresponding acid, 2-hydroxy-l-n\ethyl-3-naphthoic acid, which could 
not be docarboxylated. 
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However, when glacial acetic acid is used as the solvent and the reaction 
mixture heated for different lengths of time, two more compounds, which 
are being studied, are obtained. 

Methyl-2-hydroxy-l-naphthoate could not be similarly formylated. 

Experimental 

Formylation of methyl-2-hydroxy-Z-naphthoate-^Mt\.\\y\-2-\iyfaoxy-\- 
fonnyl-3-naphthoate and 2-hydroxy-l-formyl-3-naphthoic acid. A mixture 
of methyl-2*hydroxy-3-naphthoate (10 g.), hexamethylene tetramire (30 g) 
and glacial acetic acid (50 c c.) was refluxed on a water-bath for 5-6 hours 
and fUrther for three hours, after the addition of hydrochloric acid (100 c.c., 

1 ; i). The solid which separated was filtered, washed and treated with 
sodium bicarbonate solution (5%). The insoluble solid was washed with 
water and was crystallized from glacial acetic acid in very shiny, yellow plates, 
mp. 146-47°. (Found: C, 67-6; H, 4 0, C u H, 0 O 4 requires C, 67-8, 
H, 4-3 per cent.) It gave an intense blue colouration with alcoholic ferric 
chloride. 

The sodium bicarbonate-soluble portion was acidified with dilute hydro¬ 
chloric acid, and the solid obtained was crystallized from very dilute alcohol 
in yellow micro-crystals, mp. 218°-20° Mixed melting point with 2- 
hydroxy-l-formyl-3-naphthoic acid (described later) was undepresied. 
(Found: C. 63-6 , H, 4 0, C„H,0 4 iH.O requires C, 64 0, H, 4 0 
per cent.). It gave effervescence with sodium bicarbonate solution and a 
Wuo colouration with alcoholic feme chloride 

The p-nitrophenyl-hydr 02 one of the formyl ester prepared as usual, crystal¬ 
lized in orange-red microcrystals from glacial acetic acid, m p 295' (deccmp ) 
(Found: N. 11-2, Q.HuAN, requires, N, 11 5 per cent.) 

The 2 • A-dinitrophenyl-hydrazone prepared in the usual manner crystal¬ 
lized in orange-red crystals from glacial acetic acid, m p 298° (decomp.). 
(Found: N. 13-2; Ci*HifO|Ni required N, 13-6 per cent) 

The semicarbaxone prepared as usual crystallized from alcohol in shiny, 
pale-yellow micro-crystals, m.p 238° (Found: N, 14 5; C 14 H 11 0 4 N t 
requires N, 14 6 per cent.) 

3 .carbetkoxy-\ 0 -carbmethoxy-p-naphtha-a-pyrone —Piperidine (4 drops) 
was added to a mixture of the formyl ester (0 9 g ) and ethyl malonate (1 g ) 
dissolved in pyridine (10 c.c.) and the mixture was heated on a water-bath 
for two hours. The sold obtained on acidifying with hydrochloric acid was 
crystallized from hot alcohol in shiny, greenish-yellow micro-crystals, m.p. 
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157-58°. (Found. C, 66 2; H,4 1, C^H^O, requires C, 66-3; H, 4-3 
per cent.) 

3-Acetyl-\Q-carbmethoxy~fi-naphtha-a-pyrone —A mixture of the formyl- 
ester (0*5 g,), ethyl acetoacetate (0 6 g) and piperidine (3-4 drops) was heated 
on a water bath for two hours During heating, very long yellow needles 
separated, which were filtered, washed with hydrochloric acid and water 
and dried, mp. 240-41°. (Found; C, 68-6; H,4 1; CnHuO, requires 
C, 68-9; H, 4 0 per cent.) 

Ethyl-\-formyl-'i-carbmethoxy-Mphthalene-2-Q-aceUite —The formyl ester 
(0-9 g) was dissolved in acetone (100c.c.), ethyl bromo acetate (1 g.) and 
anhydrous potassium carbonate (2g) were then added to the mixture and 
refluxed on a water-bath for 10 hours The excess of ethyl bromoacetate 
and acetone were driven off in a current of air, after filtering off the potassium 
carbonate, and the flaky mass obtained was crystallized from hot dilute 
alcohol in long, woolly, pale-yellow needles, mp 116-17'’. (Found. C, 
64 6; H, 4 7; CnH lt O, requires C, 64-5; H. 5-0 per cent) 

Ethyl-p-naphtha-furane-9<arboxy-2-carboxylate —The foregoing com¬ 
pound (1 g) was dissolved in the minimum quantity of absolute alcohol 
(7 c.c). Freshly cut metallic sodium (1 g) was dissolved m absolute alcohol 
(25 c c.) and was gradually added to the solution of the ester m small quanti¬ 
ties with vigorous shaking. The flask was stoppered lightly and left for one 
hour at room temperature The solution was filtered and acidified with 
hydrochloric acid The yellow precipitate obtained crystallized in very 
shiny yellow, micro-crystals, mp 174-75° (Found C, 67-8; H, 4-5; 
CmHj, O, requires C, 67 6; H, 4-2 per cent.) It gave effervescence with 
sodium bicarbonate solution. 

IQ-Carbmethoxy-fl-naphtha-a-pyrone. —The formyl ester (1 g.) was heated 
on a sand-bath with acetic anhydride (20c.c) and anhydrous sodium acetate 
(2 g.) for 6 hours. The solid obtained was treated in the usual manner and 
crystallized from hot dilute alcohol in long golden yellow needles, m.p. 177°. 
(Found. C, 70 5, H, 3-5; CuH w O« requires C, 70 8; H, 3-9 per cent.) 

Methyl-l-methyl-2-hydroxyl-naphthoate.— The formyl ester (2 g) dis¬ 
solved in hot methyl alcohol was gradually added to a mixture of zinc amal¬ 
gam, prepared from zinc dust (20 g.) according to Robinson and Shah* and 
dilute hydrochloric acid (50c.c, 1:1) at 100°, more alcohol being added 
whenever necessary to keep the ester in solution After one hour, concen¬ 
trated hydrochloric acid (10c.c.) was added and heating continued for a 
lurthcr half hour. The hot liquid was filtered, alcohol evaporated and the 
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acidic solution extracted with ether. The yellow solid obtained on the eva¬ 
poration of ether crystallized from very dilute hot alcohol in long, pale yellow 
needles, m.p 70-71° (Found: C. 71-9; H, 5-5; Q.Hj.O, requires 
C, 72-2; H, 5-5 per cent.) It gave blue colouration with alcoholic feme 
chloride, did not react with 2 • 4-dimtro-pbenyl hydrazene, did not dissolve 
in nor gave effervescence with sodium bicarbonate solution 

Methyl-X-methyl-l-hydroxy-l-naphthoic acid— Hydrolysis of the fore¬ 
going reduced ester by sodium hydroxide afforded a yellow solid, which on 
treating with sodium bicarbonate solution and subsequent acidification was 
finally obtained as a yellow solid which crystallized from hot dilute alcohol 
in very shiny yellow micro-crystals, mp 235° (Found" C, 71 6; H, 4'9; 
CjjHjoO, requires C, 71-3, H. 4-9 per cent) It sublimed on heating in a 
dry test-tube, gave effervescence with sodium bicarbonate solution and gave 
an intense blue colouration with alcoholic feme chloride 

Clemmensen reduction of the formyl ester with glacial acetic acid as 
solvent.— The formyl ester (0 5 g) was dissolved in glacial acetic acid and 
added to zinc amalgam prepared from zinc dust (15 g) as usual Concen¬ 
trated hydrochloric acid (10 c c ) was added to it and heated on a water-bath, 
the mixture being tested for the formyl group every five minutes with 2 • 4- 
duutrophenyl-hydrazine The heating was continued till the solution in the 
flask gave no precipitate with the hydrazine, which meant the completion of 
the reduction, and the solution was filtered hot. The filtrate deposited some 
pasty mass, which was purified and crystallized from hot dilute alcohol in 
shiny, yellow micro-crystals, m p 235°. This was identified as l-methyl-2- 
hydroxy-3-naphthoic acid by the mixed melting point with the previously 
obtained acid in the last experiment 

The zinc amalgam was extracted with ether which on the evaporation 
gave a pasty mass and some yellow, crystalline solid. These were mecha¬ 
nically separated and the yellow crystals repeatedly crystallized from glacial 
acetic acid in shiny yellow micro-crystals, mp 223°. (Found. C, 73 6; 
H, 5-6.) It was insoluble in sodium hydroxide and sodium bicarbonate 
solutions. It did not give any colouration with alcoholic feme chloride 
nor reacted with 2:4-dimtrophenyl hydrazene. The pasty mass on treating 
as usual with sodium bicarbonate solution and subsequent acidification, 
afforded l-methyl*2-hydaoxy-3-naphthoic acid, m p 235° which was identi¬ 
fied by mixed melting point with the previously obtained acid 

The reduction experiment was repeated using glacial acetic acid as 
solvent, the heating being stopped after one hour, 
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The hot solution was filtered and deposited some yellow crystals, m.p 
250° and a pasty mass which were separated mechanically. The pasty mass 
on treating with sodium hydroxide solution and subsequent acidification 
gave l-methyl-2-hydroxy-3-naphthoic acid, m p, 255°. Mixed melting point 
with the previously obtained acid was undepressed. 

The yellow crystals on repeated crystallization from glacial acetic acid 
gave yellow micro-crystals, m.p. 263-65° (Found: C, 70 9; H, 5-1 per 
cent) It dissolved neither in sodium hydroxide nor sodium bicarbonate 
solutions It did not react with dinitrophenyl-hydrazine nor gave any 
colouration with alcoholic feme chlonde 

In another experiment, the reaction mixture was heated for 4 hours, 
and on giving the usual treatment, both the filtrate and the zinc amalgam 
yielded the product melting at 265" 

1 -formyl-2-hydroxy-l-naphihoic acid .—The formyl ester (0 • 5 g.) was 
hydrolysed as usual, with alcoholic sodium hydroxide solution (10%) The 
solid obtained on acidifying the filtered alkaline solution, was washed and 
taken through sodium bicarbonate solution (5%) and filtered. On acidi¬ 
fying the filtrate with hydrochloric acid, a yellow solid was obtained which 
crystallized in shining yellow micro-crystals from hot alcohol, m p. 222-23° 
Mixed melting point with the previously obtained acid was unaltered. (Found. 
C, 63 6, H, 4 0, C„H,0« -biH.O requires C, 64 0, H, 4 0 per cent.) 

Decarboxylation of the foregoing acid (0 3 g.) by heating it m a sealed 
carius tube with water (10c.c.) and hydrochloric acid (1 c.c.) for 6-8 hours 
at 198-200° afforded a sticky paste This, on triturating with sodium bi¬ 
carbonate solution and filtration, left an insoluble pasty mass. This was 
washed with water and crystallized from boiling water in very lustrous, white 
silvery plates, m.p 124-25°, and identified as /S-naphthol. 

The repetition of the experiment by heating the canus tube at a lower 
temperature and for a shorter time resulted in the formation of /J-naphthol 
and some undecarboxylated acid. 


Summary 

1. MethyI-2-hydroxy-l-formyl-3-naphthoate was synthesised by the 
action of hexamethylene-tetramine on methyi-2-hydroxy-3-naphthoate. 

2. Similar formylation of methyl-2-hydroxy-l-naphthoate was attempted 
with negative result*. 
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In continuation of the previous work 1 the formylation of phenols and phenol- 
carboxylic cstors has now been extended to methyl-l-hydroxy-2-naphthoate, 
2-acetyl-a-naphthol and 4-acetyl-a-naphthol 

Methyl-l-hydroxy-2-naphthoate on formylation with hexamethylene 
tetramme in glacial acetic acid, yielded a mixture of methyl-l-hydroxy-4- 
fonnyl-2-naphthoate and l-hydroxy-4-formyl-2-naphthoic acid The struc- 
ture of the latter was established by the hydrolysis of the former The formyl 
eater and acid both were characterized by their functional derivatives, like 
2:4-dinitrophenyl hydrazones and semicarbazones. Clemmensen reduction 
of the formyl ester afforded methyl- l-hydroxy-4-methyl-naphthoate, which 
on hydrolysis gave the corresponding acid This acid on decarboxylation 
yielded the known 4-methyl-o-naphthol of Lesser* which proved the 4-posi¬ 
tion of the formyl group and the structure of the formyl ester 

The formyl ester with ethyl aceto-acetate, ethyl malonate and etbyl- 
bromo-acetate afforded, 3-carbmethoxy-4-hydroxy-naphtbylidcne cthyl-aceto- 
acetate, 3-carbmethoxy-4-hydroxy-napthylidene ethyl malonate and ethyl-4- 
formyl-2-carbmcthoxy naphthalene 1-o-aoetatc respectively. On Perkin’s 
acetylation the hydroxyl group got acetylated and methyl-l-acetoxy-4-formyl- 
2-naphthoate was obtained. 

2-acetyl-a-naphthol on similar formylation afforded 2-acetyl-4-formy!-o- 
naphthol. The formyl ketone did not undergo Knoevenagel condensation 
with ethyl acetoacetate and ethyl malonate, nor did it condense with ethyl 
bromo acetate. When subjected to Perkin’s acetylation the ketone was 
recovered and Clenynensen reduction gave an oil which would not solidify. 

The formyl ketone was characterized by the preparation of 2:4-dmitro- 
phenyl-hydrazone and semkarbazone. 
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4-Acetyl-«-naphthol, could not be similarly formylated and the original 
ketone was recovered quantitatively. 

Experimental 

Fomylation of methyl-l-hydroxy-2-naphthoate: Methyl -1 -hydroXy-4- 
formyl-2-naphthoate and \-hydroxy-4-formyl-2-naphthoic acid.—A mixture of 
methyl-l-hydroxy-2-naphthoate (10 g.), hexamethylene tetranunc (30 g.) and 
glacial acetic acid (50cc) was refluxed on a water-bath for 5-6 hours and 
further half an hour more after the additon of dilute hydrochloric acid 
(50cc, 1:1) The solid that separated was filtered, washed and taken 
through sodium bicarbonate solution (5 per cent) The insoluble solid was 
washed with water and was crystallized from hot dilute alcohol in long golden 
yellow needles, m p 123-24° (Yield, 4 5 g) Recrystalhzation from 
glacial acetic acid gave very shiny, yellowish brown plates, mp. 126-27°. 
(Found. C, 68-4; H, 4 8; C U H 1() 04 requires C, 67-8, H, 4 4 per cent ) 
It gave a bluish purple colouration with alcoholic feme chlonde 

The sodium bicarbonate-soluble portion was obtained by acidifying the 
filtrate with dilute hydrochloric acid The solid obtained was washed and 
crystallized from very dilute alcohol in yellow-micro-crystals (0 98 g.) 
m p 250°. Mixed melting point with l-hydroxy-4-formyl-2-napbthoic acid 
(described later) was undepressed. It gave effervescence with sodium bi¬ 
carbonate solution and reacted with 2.4-dimtrophcnyl hydrazine and semi- 
carbazide 

The formylation did not succeed if the methyl ester was replaced by the 
acid. The reaction gave a complex, yellow, nitrogenous and high-melting 
compound. 

The 2: 4-dinitrophenyl-hydrazone, prepared as usual, crystallized in orange 
needles from glacial acetic acid, m.p 267-69° (Found: N, 13-4, 
Ci»Hj« 0 7 N« requires N, 13-7 per cent) 

The A-nitrophenyl-hydrazone, prepared in the usual manner crystallized 
in orange-red needles from acetic acid, mp 267-68°. (Found. N, 11*3; 
QJHwOfcN* requires N, 11*5 per cent.) 

The semicarbazone, prepared as usual, crystallized in shining pale yellow, 
microcrystals, from alcohol, m.p. 275°. (Found: N, 14 4; 
requires N, 14 6 per cent.) 

^Carbmethoxy-A-hydroxy-napthylidene aceto-acetate.— Piperidine (4 
drops) was added to a mixture of methyl-l-hydroxy-4-formyl-2-napbthoate 
(2 g.) and ethyl acetoacetate (2g.), dissolved in pyridine (10c.c.). The 



18$ 


Action of HtxamUhyltnt Tettamine on Phenols—IV 

mixture was heated on a boiling water-bath for 2 hours. The solid obtained 
on acidification with hydrochloric acid, was crystallized from hot alcohol m 
colourless tiny needles, m.p. 133-34*. Mixed melting point with the formyl 
ester was 95-118°. (Found. C, 66-4; H, 5 3; CuH u O« requires C, 66-7; 
H, 5-3 per cent.). 

yCarbmethoxy-4-hydroxy-naphthylidene-ethyl-malonate — Piperidine (3 

drops) was added to a mixture of the formyl ester (2 g.) and ethyl malonate 
(2 g.) dissolved m pyridine (10 cc). The mixture was heated on a water 
bath for 2 hours and the solid obtained on acidifying it with hydrochloric 
acid, crystallized from alcohol in colourless tiny needles, mp 142-43° 
(Found: C, 64 1, H, 5-5, C^H^O, requires C, 64 5; H, 5 3 per cent) 

Ethyl-4-formyl-2-carbmcthoxy-naphthalene-\-o-ocetate, —To a solution of 
the formyl ester (1 g ) m dry acetone (100 c c ), ethyl bromo-acetate (1 ■ 5 c c ) 
and anhydrous potassium carbonate (2g) were added The mixture was 
well shaken and refluxed on a water-bath for 10 hours The excess of brom- 
acetic ester and acetone were driven off in a current of air, after filtering off 
the potassium carbonate The white solid obtained, was crystallized in 
pale-yellow micro-crystals from hot alcohol, m p 205-06° (Found: C, 
64-7; H, 5 5; CjjHj.O* requires C, 64-5; H, 5 0 per cent) 

Melhyl-\-acetoxyA-formyl-2-naphthoate —The formyl ester (1 g.) was 
heated with acetic anhydride (10cc) and anhydrous sodium acetate (lg) 
on a sand-bath for 6-7 hours. The solid obtained was worked up as usual 
and crystallized from dilute hot alcohol in colourless, shiny, micro-crystals, 
mp. 182-83° (Found C, 59 1, H, 5 2, C u H u O» + H,0 requires 
C, 58-8; H, 5-2 per cent.) 

Methyl-l-hydroxy-4-methyl-2-naphthoate.—Tht> formyl ester (2g), 
dissolved in hot alcohol, was gradually added to a mixture of zinc amalgam 
prepared from zinc dust (15 g.), according to Robinson and Shah* and 
dilute hydrochloric acid (50c.c., 1:1) at 100°, more alcohol being added 
whenever necessary to keep the ester in solution. After 1 hour, concentrated 
hydrochloric acid (10c.c.) was added and heating continued for a further 
half hour. The hot filtrate, on cooling, deposited long, pinkish, shiny micro¬ 
crystals, mp 109-10°. (Found: C, 72*3; H, 5'3, CuH^O* requires 
C, 12-2; H, 5-5 per cent) 

bHydroxy-A-methyl-2-naphthoic add.— The foregoing reduced ester (0-5 g.) 
was hydrolysed in alcoholic alkaline solution as usual. The solid obtained 
on acidification with hydrochloric add was taken through sodium bicarbonate 
solution (5%), filtered and again acidified with dilute hydrochloric acid. The 
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solid obtained crystallized from very dilute alcohol in pinkish micro-crystal*, 
m.p. 209-10®. (Found: C, 71 0; H, 4 8. CuHuO, requires C, 71-3; 
H, 4-9 per cent.) Decarboxylation of l-hydroxy-4-methyl*2-naphthoic acid 
(0■ 5g.) by heating with acidulated water (10cc) in a sealed cams tube for 
6-8 hours at 180-90°, gave a black solid This was triturated with sodium 
bicarbonate solution and the insoluble solid crystallized from boiling water 
in long, pinkish needles, mp 86-87° This was identified as 4-methyl-«- 
naphthol by a mixed m p with an authentic specimen. 

1 -Hydroxy-4-formyl-2-naphthoic acid —Methyl-l-hydroxy-4-formyl-2-naph- 
thoate (0-5 g.) was dissolved in sodium hydroxide solution (20c.c, 10%) 
and heated on a water bath for 2 hours. The solution was filtered and acidi¬ 
fied with hydrochloric acid. The pale yellow solid obtained was washed and 
crystallized from hot dilute alcohol in pale yellow woolly needles, m.p. 
250-52° Mixed melting point with the previously obtained acid was un¬ 
depressed (Found. C, 66 6, H, 4 1; C«H*0 4 requires C, 66-6; H, 3-7 
per cent) It gave effervescence with sodium bicarbonate solution and bluish- 
purple colouration with alcoholic ferric chloride 

Decarboxylation of the foregoing formyl acid (0-5 g.) by heating it with 
water (10 c.c.) and hydrochloric acid (1 c.c.) in a sealed carius tube 
160-80° for 6-8 hours, gave a solid which on treating in the usual way 
afforded a compound which crystallized in very long, pinkish needles from 
hot water, m.p. 95-97°, and the mixed melting point with an authentic speci¬ 
men of a-naphthol was undepressed 

Formylation of 2-acetyl-a-naphtho! l-Acetyl-A-formyl-a-naphthol—A. 
solution of dry 2-acetyl-o-naphthol (10 g), hexamethylene tetramino (30 g) 
in glacial acetic acid (50 c c.) was first heated on a water-bath for 3-4 hours 
and then refluxed on a sand-bath for 3 hours and further heated for 3 hours 
on a water-bath after the addition of hydrochloric acid (100 c.c., 1:1). 

The solid which separated out in very fine long needles, was filtered, 
washed and crystallized from glacial acetic acid in long golden yellow needles, 
mp. 154-55° The acidic filtrate yielded some more of the compound on 
extraction with ether. Total yield (3-3g.). (Found: C, 72-6, H, 4-4; 
CuHnA requires C, 72 9; H, 4 • 6 per cent) The formyl compound was 
fairly soluble in alkali and with alcoholic feme chloride, it gave a dark-green 
colouration. It was very soluble in alcohol, acetone and fairly soluble in 
acetic acid from which it was crystallized 

The 4-nltrophenyl-hydraxone prepared m the usual manner, crystallized 
from glacial acetic acid in orange-red micro-crystals, m.p. 295® (decomp.). 
(Found: N, 11-8; C 1 ,H ll O*N, requires N, 12 0 per cent.) 
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The 2: A-dinitrophenyl hydroton* prepared as usual crystallized in small 
shiny micro-crystals from acetic acid, m.p. 285® (decomp). (Found: N, 
14-1; C„Hi 4 0,N« requires N, 14 2 per cent.). 

The semlcarbazone, prepared as usual, gave pale yellow shining micro¬ 
crystals from boiling alcohol, mp. 298° (decomp.). (Found - N, 15*3; 
Ci«Hi*0»N» requires N, 15-5 per cent) 

Summary 

Methyl-l-hydroxy-4-formyl-2-naphthoate and 2-acctyl-4-formyl-a-naph- 
thol have been synthesised by the action of hexamethylene tetramine in 
glacial acetic acid, on methyl-l-hydroxy-2-naphthoate and 2-acetyl-a-naphthol 
respectively. 

Similar formylation of 4-acctyl-a-caphthol did not succeed 
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Flavones and flavonols with hydroxyl groups in all the four positions. 5, 6, 
7 and 8, seem to be more widely occurring in nature than originally expected. 
They are, however, recent discoveries and they do not occur free as such, 
but are found to be partially or completely methylated. Nobiletin (I) is a 
fully methylated flavone of this type and it was isolated by Tseng 1 from the 
peels of the Chinese Mandanan oranges (Citrus nobilis). Robinson and 
Tseng* established its constitution as 5 • 6 7:8*3'* 4'-hexamethoxy flavone. 
It has recently been synthesised by Horn* by the condensation of 2-hydroxy- 
3’4: 5 6-tetramethoxy-acetophenone with veratroyl chloride and the con¬ 
version of the product into the flavone according to the method of Baker 
and Venkataraman Calycoptenn (II) is a partially methylated flavonol, 
isolated earlier by Ratnaginswaran, Sehra and Venkataraman 4 from the 
coppered coloured leaves of Calycoptens floribunda. It was also found 
to be present in the leaves of Digitalis thapsl (Spanish digitalis) by Karrer 4 
and hence called also by the name thapsin. Its constitution has been recently 
given as 5.4'-dihydroxy-3.6:7. 8-tetramethoxy-flavonc (II)* Enanthin 
(III) is also considered to be a flavonol of this senes; it is partially methylated 
and has been recently obtained from the plant, Blumea erhntha D.C. by 
Bose and Dutt 1 
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Synttusis and Study of i: 6:1: H-Hydroxy-Flavonols 

So far these are the only compounds that have been studied hi detail. 
Some other substances isolated in this laboratory seem also to belong to 
this group. Full information is not available about these compounds 
enabling the identification of new members easy and this is particularly 
necessary since frequently these substances could be isolated only in very 
small quantities A more detailed study of the hexahydroxy-flavone, caly* 
copteretin, has therefore been made now. Further, other members of this 
flavonol group have also been prepared and their reactions and derivatives 
studied in detail 

The dimethyl ether of calycoptenn is more easily obtained pure by 
methylating calycoptenn with dimethyl sulphate and potassium carbonate 
in anhydrous acetone solution When subjected to hydrolytic fission with 
8% absolute alcoholic potash, it yields, besides anisic acid, a ketonic product 
as a low melting solid which could also be characterised by the preparation 
of the 2.4-dimtrophenyl-hydrazonc Analytical data of these two sub¬ 
stances and reactions show that the ketone is 2-hydroxy-tu: 3:4-5.6- 
pentamcthoxy-aceto-phenone (V) Condensation of the ketone with anisic 
anhydride and sodium anisate yields dimethyl calycoptenn These experi¬ 
ments confirm the results of previous workers 4 * 5 - 4 that calycoptenn is a 
tetramethyl ether of 3: 5.6:7 8.4'-hexahydroxyflavone 



Starting from the above ketone the other members of this flavonol group 
have been obtained The following is a brief account of the results. The 
ketone condensed with benzoic anhydride and sodium benzoate smoothly 
yielding 3:5:6: 7: 8-pentamethoxyflavone (VI) as the sole product. On 
demethylation the corresponding penta-hydroxy compound, 6.8-dihydroxy- 
galang m (VII) was obtained By the condensation of the abovementioned 
ketone with the anhydride and sodium salt of veratnc acid, two products were 
isolated, one of which separated out from alkaline solution and consisted 
essentially of the normal hepta-methoxy flavone (VIII) and the other sepa¬ 
rated from the solution after saturation with carbon-dioxide and consisted 
mainly of the partially demcthylated product (IX) showing the properties 
of a free hydroxyl in the 5-position. Examination of these revealed that 
they were still mixtures with indefinite melting points and purification 
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could not be achieved satisfactorily. However by methylating them a pure 
sample of the hepta-methoxy flavone (VIII) and by demethylating them 
the corresponding hepta-hydroxy flavone, 6 : 8-dihydroxyquercetin (X) 
were readily obtained. A pure sample of 5-hydroxy-3:6:7:8:3': 4'-bexa- 
methoxyflavone (IX) could, however, be obtained by ether-extracting the 
aqueous mother-liquor after the filtration of the impure sample of (IX) 
that first separated out. It gave a prominent feme chloride colour and a 
sparingly soluble potassium salt when treated with alcoholic potash. 



oh co 

(X) 


According to Bose and Dutt’ methyl enanthin should bo identical with 
the abovemcntioned 5-bydroxy-hexamethoxy flavone (IX) But the recorded 
properties are not the same. Methyl erianthin is reported to crystallise in the 
form of needles and melt at 141°. The above hydroxy flavone (IX) crystal¬ 
lises in the form of plates and melts at 122°. The lower melting point of 
compound (IX) may be considered to be genuine from a comparison of 
analogous 5-hydroxy-co mpounds and the related fully methylated flavonols 
given m Table I. For example, monomethyl calycopterin melts at 124* 
whereas the dimethyl ether melts at 134°. The 5-hydroxy-compound (XI) 
described later on also melts 10° lower then the fully methylated ether. 

When the anhydride and the sodium salt of trimethyl-gallic acid were 
«sed for the above Allan-Robinson condensation the product consisted 
entirely of the 5-hydroxy compound (XI). The octamethoxy flavone (XU) 
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was obtained from it by methylation and the octahydroxy compound (XIII), 
6 :8-dihydroxymyricetin by demethylation. This is the most highly 
hydroxylatcd compound of the flavone group known so far and is thus of 
special interest 



(XIII) 


For the purpose of conveniently naming them, the new flavanols are 
considered to be derived from the senes, galangin, kscmferol, quercetin and 
myricetin which have the 5 7-arrangement of hydroxyl groups and which 
seem to be more fundamental in evolution giving rise to the others by oxida¬ 
tion of the nuclear positions concerned 

The above hydroxyflavonols are in general yellow crystalline substances, 
the colour changing to green on storage While 6‘ 8-dihydroxygalangin is 
the most stable, retaining its yellow colour for several months, the others 
change from yellow to greenish yellow and green, the rapidity of the change 
reaching the maximum with the octa-hydroxy compound, 6:8-dihydroxy- 
myncetin. With water, even in the cold, they give a green colour and on 
boiling, the colour intensifies to deeper green or blue Even an alcoholic 
solution changes colour from yellow to green and blue on standing or beat¬ 
ing. Crystallisation of the flavonols should not be done with solvents like 
alcohol and acetic acid and it is best effected by using pure dry ethyl acetate. 
The pure substances do not exhibit any fluorescence in alcoholic solution 
or even in concentrated sulphuric acid. Like most hydroxy-flavonols they 
all give bright red colour when treated with magnesium and hydrochloric 
add in alcoholic solution. 

The new senes of flavonols can be viewed in two ways, (1) as 5:7:8- 
hydroxyflavonols with an additional hydroxyl group in the 6-position and 
(30 as S:6. 7-hydroxy flavonols with an additional hydroxyl group in the 
8-position. In conformity with the first point of view, they exhibit colour 
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changes in alkaline solutions more remarkable than the members of the gossy* 
petin series These have been studied in detail using buffer solutions and 
the results may be useful for purposes of identifying samples. But they do 
not react with p-benzoquinone in the manner characteristic of gossypetin 
and its analogues Bargellim’s test yielding green flocks, which is charac¬ 
teristic of the quercetagetm series of flavonols is not given by the new flavo- 
nols. Thus the presence of one more hydroxyl group in them causes marked 
differences in properties 

The fully methylated ethers are colourless substances, insoluble m aque¬ 
ous alkali and giving no colour with alcoholic ferric chlonde The ethers 
which have a free hydroxyl in the 5-position dissolve in aqueous alkali only 
with difficulty, form sparingly soluble potassium salts with alcoholic potash 
and give prominent ferric chloride colour 

The acetates are also colourless solids Their crystallisation from 
boiling alcohol seems to bring about partial hydrolysis and the products 
assume colour on storage It should therefore be carried out using anhydrous 
solvents or in the cold using acetone-alcohol mixture 

Table I gives some of the important data relating to this new series of 
flavonols and their derivatives 

Table I 


Fltvonoln 

6:8-Dlhydroxy 
galangln 

Cal) Copt eretin | 

6 i 8-Dihydroxy 
quercetin 

6 B-Dihydro*y 
rayncedn 

1 Ale FeCl, 

X Mg + HCl 

3. M p of the 

Olive green chan 
ging to brown 

Orang^red 

Bright green chan | 
ging to brown | 

Red 

318-30“ 

(with decomp ) 

Deep green chan 
gtng to brown 

Turn# dark above 
300. doe* not 

Deep green 
changtng to 

Deep red 

Tame dark 
above 300*1 

4. M p, of the 

5. M p. of the folly 
methyl*tod ethers 

201-03“ 

80-82“ 

218-20" 

133-34“ 

131' 

(Shah t 

melt below 300* 

221“ with sintering 
at 218“ 

129-31* 

doe* not melt 
below 300* 

225* with (Inter 
lng*21" 

123-33“ 

« M p of partial 
methyl ether* 
with the 6-hydro 
xyl alone free 


124“ 

(Shah rt al») 

122-23“ 

113-16* 


Experimental 


Methylation of calycopterin : Dimethylcalycopterin (IV).— 

Calycoptcrin (1 -0 g.) was dissolved in dry acetone (25 c.c.), treated with 
dimethyl sulphate (l-0cc.) and anhydrous potassium carbonate (10-0g) 
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and boiled under reflux for a period of 20 hours. The solvent was then 
removed by distillation and the residue treated with water (150 cc.) The 
methyl ether soon separated out On crystallisation from alcohol, it came 
out in sheaves of colourless elongated needles melting at 133-34° (Cf Shah 
et at.,* pale yellow needles, m p. 131°) and did not dissolve in aqueous alkali, 
(Found: C, 62-9; H, 5-7, OCH„ 46 0: C 81 H„0, requires C, 62-7, H, 
5-5, OCH„ 46 2%) Yield. 10g 

Decomposition of the methyl ether with alcoholic potash Isolation of anisic 
add and ketone {V) — 

Dimethyl calycopterin (1-Og) was boiled under reflux with 8% absolute 
alcoholic potash (30 c c ) for a period of six hours At the end of this period, 
as much of the alcohol as possible was removed by distillation and the residue 
dissolved in water The solution was filtered from any suspended impurities, 
and then acidified with dilute sulphuric acid The precipitated crystalline 
solid was filtered, washed with cold water and then crystallised from boiling 
water when it came out as colourless rectangular plates and prisms melting 
at 185° It was found to be anisic acid The mixed melting point with an 
authentic sample of anisic acid was undepressed, The filtrate was repeatedly 
ether-extracted and the combined ether solution washed with sodium 
bicarbonate solution (5%) to remove completely the acid part. The ether 
solution was then washed with water and the solvent evaporated The 
residue was a pale yellow liquid which solidified on keeping in an ice-chest 
for a number of days. It crystallised from petroleum ether (b p about 60°) 
as pale yellow rectangular plates and prisms melting at 65-67° (Karrer 4 gives 
mp. 66-67°). It gave a green colour with alcoholic ferric chloride. Yield, 
0-38 g. (Found: C, 54-8; H. 6 1; OCH,. 53 9; Cj.HjjOj requires C, 54 6; 
H, 6 - 3; OCH>, 54 2%) The ketone was also characterised as its 2: 4-dinltro- 
phenylhydrazone in the following manner. 

The ketone (0-2 g) dissolved in alcohol (2cc.) was treated with 2:4- 
dinitrophenylhydrazine (0 • 2 g) m alcohol (2-0 c.c.). The clear solution was 
then boiled under reflux on a water-bath for $ hour. On cooling the alcoholic 
solution, the phenylbydrazone separated out. In was filtered and crystallised 
from dilute alcohol when it came out as short orange red rectangular prisms 
melting at 174-75° (Found • C, 45 2; H. 5 0; OCH,. 31 1; Q.HmOwN,, 
requires C. 45 4; H. 5 2, OCH,, 30 9% ) Loss on drying could not 
be estimated as the substance sublimed easily above 100° in vacuo. 
Synthesis of dimethyl calycopterin {IV).— 

An intlmato mixture of sodium arnsate (2g), anisic anhydride (4-0 g) 
and the ketone (V) (0-75 g.) was heated in an oil-bath at 180° In vacuo for a 
A3 
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period of five hours. The hard mass was then broken up and dissolved in 
alcohol (50 c.c.). To the solution boiling under reflux was added aqueous 
potassium hydroxide solution (5 g. m 10 c.c. of water) during tho course of 
half an hour and the boiling continued for another half-hour in order to 
decompose completely the unreacted anhydride. The alcohol was then 
removed by distillation under reduced pressure and the residue treated with 
excess of water The methyl ether separated out as long needle-shaped 
colourless crystals It was filtered and the product was crystallised from 
dilute alcohol when it came out as sheaves of colourless elongated needles 
melting at 133-34°. The mixed melting point with the sample obtained 
directly from calycopterin by methylation was undepressed Yield, 0-5 g. 

The clear alkaline solution from which the hexamethyl ether had sepa¬ 
rated out was then saturated with carbon dioxide No product was obtained 
even by ether extraction. 

Demethylation of Calycopterin: Calycopteretin (6: %-dihydroay-koempferof). 

Calycopterin (0-5 g) was dissolved in acetic anhydride (10 Occ.) and 
treated with hydnodic acid (10 Occ.; d 17) with cooling. The clear 
solution was then boiled under reflux for half an hour, poured into ice-water 
and iodine present decomposed by passing sulphur-dioxide gas The precipi¬ 
tated flavonol was twice recrystallised from ethyl acetate when it came out as 
bright yellow short rectangular plates, melting with decomposition at 318-20°. 
When crystallised from acetic acid it came in the form of golden yellow 
needles which soon turned green on exposure to air. (Found. C, 56-8i 
H. 3-4; C u H l0 O, requires C, 56-6, H, 3-2%) It gave a bright green 
colour with alcoholic ferric chloride which rapidly changed to brown. The 
flavonol exhibited a series of colours in alkaline solution, the precise varia¬ 
tions depending on the conditions of the reaction. Thus with 5% sodium 
bicarbonate it slowly dissolved to give a yellowish green and then green 
colour changing to greenish-blue and blue; it faded after 10 minutes to light 
green with a green precipitate With 5% sodium carbonate the colours 
were yellow and deep green, quickly becoming blue on shaking; it then 
faded and became yellowish green within two minutes, brownish yellow and 
finally brown. With 5% caustic alkali the solution was reddish brown 
changing to red. 

Calycopterin-hexaacetaJe. — 

A small quantity of the flavonol was acetylated using acetic anhydride 
and a drop of pyridine and boiling for one hour. The product was then 
crystallised from cold acetone solution enough ethyl alcohol bring added 
just to start the crystallisation. It came out as colourless needles melting at 
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218-20°. (Found: C, 56 9; H. 41; C^A* requires C, 56 8; H, 


Condensation of the ketone (V) with benzoic anhydride and sodium benzoate-, 
preparation of pentamethoxy flavone (VI).— 

An intimate mixture of benzoic anhydride (10 g), sodium benzoate 
(2 g ) and the ketone (0 75 g ) was heated at 175-80° for a period of 5 hours. 
The product melted completely within the first one hour and later solidified 
The reaction mixture was broken up in alcohol (50cc) and while boiling 
under reflux, a solution of potassium hydroxide (15 g in 25cc) was added 
during the course of 20 minutes, The solution was boiled for a further 20 
minutes to decompose the anhydride The alcohol was then removed under 
reduced pressure and the residue treated with water A viscous liquid sepa¬ 
rated out which did not solidify easily Hence, the mixture was ether 
extracted, and the ether extract washed with water to remove alkali. After 
distilling off the solvent, the product was purified by dissolving in acetone 
and adding petroleum ether when coloured impurities separated out The 
clear solution was then decanted; evaporation of the solvent left a viscous 
liquid which solidified during the course of 24 hours on keeping in an ice- 
chest. The product was further purified by crystallisation from dilute methyl 
alcohol when it came out as colourless rectangular pm ms melting at 80-82°. 
It was insoluble in dilute alkali and did not give any colour with ferric 
chloride. (Found: C, 64 6; H, 5-3, -OCH„ 41 6; C M H«A requues 
C, 64-5; H, 5 4, -OCH„, 41 7%) Nothirg was obtaired on saturating the 
aqueous alkaline solution with caibon dioxide and extracting with ether. 

6: %-Dlhydroxy-galangin (VII) — 

The methyl ether (0 5 g) obtained above was demethylated accordirg 
to the procedure described for calycopterm. The crude product came out 
as shining yellow needles It was unaffected by water at ordinary tempera¬ 
ture but on heating the solution turned green. Two crystallisations from 
ethyl acetate yielded yellow rectangular plates melting at 257-58° It did 
not change colour on exposure to air. With alcoholic ferric chloride, it 
gave an olive green colour changing to brown. On treatment with con¬ 
centrated sulphuric acid, the crystals turned orange red, later on dissolving 
to give a yellow solution. It did not exhibit any fluorescence m daylight. 
(Found: C, 59-3; H, 3-6; C rt H I( 0 T requires C, 59 6, H, 3-3%.) Yield 
0'3g. The flavanol exhibited the following colour changes in alkaline 
solution. With 5% sodium bicarbonate, the substance dissolved slowly to 
form a deep blue solution with a violet tinge which started fading after 12 
minutes giving a green precipitate; with 5% sodium carbonate, it gave 
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immediately a blue colour and faded very fast to yellow and then to 
pale yellow With caustic allcab, it immediately formed a reddish brown 
solution, on shaking with air it rapidly became yellow, yellowish green and 
finally yellow. 

The flavonol (VII) was acetylated using acetic anhydride and one drop 
of pyridine The acetate was purified by crystallisation from acetone-ethyl 
alcohol mixture as described previously when it came out in the form of 
colourless needles and rectangular plates melting at 201-03°. (Found. 
C, 58 7, H, 4-0; QsHwO.a requires C. 58-6; H, 3 9%) 

Condensation of the ketone (JO with veratiic anhydride and sodium veratrate — 

An intimate mixture of veratnc anhydride (4g) and sodium veratrate 
(2 g.) and the ketone (0-75 g) was heated in vacuo at 175-80° for a period of 
5 hours The product melted and formed a reddish-brown liquid which 
soon solidified. After the reaction was complete, it was broken up in alcohol 
(50 c.c.) and while boiling under reflux a solution of potassium hydroxide 
(5 g.) m 10 c.c. was added during the course of 20 minutes The alcohol 
was then removed under reduced pressure and the residue dissolved in water. 
The product (A) that separated out was filtered and the clear filtrate was 
saturated with carbon dioxide when a yellow solid (B) separated out. (A) 
melted between 108 and 118° and (B) between 115 and 123°. Purification by 
fractional crystalbsation from alcohol could not bo effected successfully as 
the fractions continued to melt indefinitely and hence product (A) was directly 
used for complete mcthylation and product (B) for demethylation 
5-Hydroxy-hexamethoxyflavone (IX) — 

The mother-bquor was extracted twice with ether and on evaporating 
the solvent, a viscous residue was obtained which sobdified on cooling. It 
was crystallised from dilute alcohol when it appeared as yellow rectangular 
plates melting 122-23° (c/ methyl cnanthin, 7 yellow noedles, m.p, 141°). It 
appeared to be exclusively the 5-hydroxy compound from the sharpness of 
its melting point It gave a green colour with ferric chloride and formed a 
sparingly soluble potassium salt in alcoholic potash. Though it did not 
dissolve easily in cold aqueous potash, it did so on warming and formed a 
yellow solution (Found' C, 60 5; H, 5'5, OCHj, 44'7, C n HnO» 
requires C, 60-3, H, 5-3; OCH„ 44-5%) Yield, 90mg. 

3.5.6:7.8.3' A'-Heptamethoxy-flavone (VIII).— 

Product (A) obtained from the above condensation was directly methy¬ 
lated using dimethyl sulphate and potassium carbonate in acetone solution. 
The heptamethoxy flavone was twice crystallised from alcohol when it came 
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out in the form of colourless rectangular plates, melting at 129-31°. (Found: 
C.61-2, H, 5 9; OCH* 50-4; C„H l4 0, requires C, 61 1; H, 5 6, OCH„ 
50-2%.) 

6: Dihydroxy-quercetin (JO.— 

Product (B) (0 5g.) was demethylated using hydriodic acid (lOcc) 
in acetic anhydride solution by boiling for half an hour at 140-50° The 
cooled solution was then poured into water, and iodine removed with sulphur 
dioxide. The flavonol was obtained as a yellow crystalline (rectangular 
plates) powder. It was filtered, washed with water and dned. The crystalli¬ 
sation was effected using a large excess of dry ethyl acetate when the com¬ 
pound came out as yellow rectangular plates and flat needles On heating 
it darkened in colour above 340° and exhibited no other change till 360°. 
The crystals turned orange-red on treatment with concentrated suphuric acid 
and then formed a yellow solution which did not exhibit any fluorescence 
in daylight. The alcoholic solution gave with feme chloride an intense 
green colour which changed to brown (Found: C, 53-7, H, 3*1; 
C,(H,oO ( requires C, 53-9, H, 3 0%.) With 5% sodium bicarbonate it 
first gave a yellow solution which rapidly changed to greenish blue and deep 
blue within i minute and then faded to light green with a green precipitate; 
with 5% sodium carbonate the colours were yellow, emerald green, deep 
blue, fading and turning green, brownish yellow and finally brown; with 
5% caustic alkali it immediately gave reddish brown changing to dark red 
The flavonol was acetylated by boiling with acetic anhydride and a drop 
of pyridine The acetate was crystallised from acetone-ethyl alcohol mixture 
as previously described when it came out in the form of colourless rectangu¬ 
lar plates and prisms melting at 221-22° with sintering at 219° (Found: 
C, 55-6, H, 4 0; C„H M 0 14 requires C, 55 4; H, 3 8%.) 

S-Hydroxy-3 :6. 7 8.3' • 4'. S'-heptamethoxy-flavone (XI) — 

An intimate mixture of tnmethyl gallic anhydride (5 0 g.), potassium 
trimethyl gallate (3 Og.) and the ketone (V) (0-75 g) was heated in vacuo 
at 175-80° for a period of 5 hours and the product worked up as before. 
There was no precipitate from the aqueous alkali solution that was first 
obtained, indicating absence of the fully methylated compound. However 
after saturation with carbon dioxide a yellow product separated out and it 
waa extracted with ether. On removing the solvent, it came out as a viscous 
liquid which solidified on keeping in an ice-chest for 3 days. It crystallised 
from alcohol as bright yellow rectangular plates melting at 113-15° It 
gave a brownish green colour with alcoholic ferric chloride and formed a 
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sparingly soluble potassium salt with alcoholic potash indicating the pre¬ 
sence of a free hydroxyl in the 5-position. (Found: C, 59-2; H, 5-6; 
OCH,, 48 6; C„H 14 0 1# requires C, 58 9 ; H, 5 4, OCH,. 48-4%.) 

3. 5.6: 7 • 8: 3': 4' • 5 '-Octamethoxy-flavone {XII) — 

The above methyl ether (XI) (0 2 g ) was further methylated in acetone 
solution using dimethyl sulphate and anhydrous potassium carbonate by 
boiling for 12 hours The product was obtained as a liquid which solidified 
on keeping in the ice-chest for a number of days It was crystallised from 
dilute alcohol when it came out as colourless rectangular plates melting at 
122-23°. It did not give any colour with ferric chlonde and did not dissolve 
in dilute alkali or impart any colour to the solution (Found: C. 60-1; 
H. 5 7, OCH„ 53 4; C„H M O 10 requires C, 60 0; H, 5 6; OCH,, 53-7% ) 

6: H-Dlhydroxy-myricetin {XUI) — 

The above 5-hydroxy-beptamethoxy-flavonc (XI) (0-5 g) was demethyl- 
ated using hydriodic acid as already described On pounng the cooled 
reaction mixture into ice-water and reducing lodme with sulphur dioxide, 
the flavonol separated out as a dark green solid. Direct crystallisation 
from dry ethyl acetate did not remove amorphous impurities completely. 
It was therefore dissolved in dry acetone and petroleum ether (b.p. 60°) 
added until some sticky impurity separated out and settled down; the clear 
solution was then decanted. On slow evaporation of the solvents, the 
flavonol separated out in a crystalline condition. Final purification was 
effected by crystallisation from dry ethyl acetate when it appeared as greenish 
yellow rectangular plates The substance darkened in colour at 340° and 
did not melt below 360° It gave a deep green colour changing to brown 
with alcoholic feme chloride It assumed a green colour rapidly on exposure 
to moisture (Found: C, 51 2; H, 3 1, C„H„O 10 requires C, 51 4; 
H, 2-9% ) With 5% sodium bicarbonate, it gave immediately a blue solution 
turning deeper blue within 10 seconds; this rapidly faded to yellow with a 
green precipitate. With 5% sodium carbonate the colours were yellow, 
emerald green, blue, fading immediately to yellowish brown, red, yellowish 
brown and brown. With 5% caustic alkali it gave immediately a reddish 
brown solution changing to red 

The flavonol (XIII) (50 mg.) was acetylated using acetic anhydride and 
a drop of pyridine. The acetate was crystallised from acetone-etbyl alcohol 
mixture as already described when it came out as clusters of colourless rect¬ 
angular plates melting at 225° with slight sintering at 221°. (Found: C. 
S4*2; H, 4 0; C^HmOu requires C, 54-2; H, 3-8%.) 
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Sodium amalgam in absolute alcohol — 

1 6-i-Dihydroxygalangin.— The solution turns green and then the 
colour gradually fades to greenish yellow with no flocks 

2. Calycopteretin. —The solution becomes green and changes to greenish 
yellow and then yellowish brown with no flocks. 

3. 6: %-Dihydroxy-quercetin —The solution turns green and imme¬ 
diately changes to brown and slowly precipitates brown flocks, while the 
solution becomes colourless 

4. 6:8-Dlhydroxy-myricetin. —Brown solution, rapidly precipitates 
brown-pin kflocks, the solution becoming colourless. 

Gossypttone reaction — 

1. 6: S'Dihydroxy-galangin.-^The solution immediately becomes blue 
and rapidly changes to red; this fades on shaking to give a yellow solution 
changing finally to brown. After 24 hours it is coloured brown. 

2 Calycopteretin —The blue solution formed immediately changes to 
deep red and then to green, greenish yellow, brown and yellow. After 24 
hours, it is yellow. 

3. 6: S-Dihydroxy-quercetin .—The blue solution immediately changes to 
brown red and fades to pale yellow. Pale yellow after 24 hours 

4. 6:8-Dlhydroxy-myricetin.— The alcoholic solution which was origi¬ 
nally green changes to blue and turns into a stable intense red It fades to 
brown during 24 hours. 

Colour reactions with alkaline buffer solutions — 

1 6.8 -Dthydroxy-galangin. — 

pH 8-0 Substance sparingly soluble, pale yellow solution changing 
to dirty green, blue, and deep violet blue fading within three 
minutes and becoming pale blue within six minutes. The 
pale blue slowly changes and becomes pale yellow within 
24 hours 

pH 8-6 Substance difficultly soluble, pale yellow solution changing to 
blue and then to violet blue and fading within two minutes 
The pale blue slowly fades and finally after 24 hours it 
becomes pale yellow. 

pH 9*2 Substance more easily soluble than befbre; yellow solution 
changes to blue and fades faster within the first minute and 
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becomes yellow by four minutes. After 24 hours it becomes 
pale yellow. 

pH 9 8 Substance dissolves quicker to a yellow solution and becomes 
blue, starts fading within 20 seconds and becomes pale blue 
in two minutes and yellow in four minutes After 24 hours 
it becomes pale yellow 

pH 10 4 Pale yellow solution, changes very fast to blue and becomes pale 
yellow whithm 15 seconds After 24 hours there is no change 
pH 110 Yellow solution quickly becoming yellowish green, pale blue 
and finally yellow. After 24 hours it is pale yellow. 
pH 11 6 Yellow solution changing fast to yellowish green and greenish 
blue, becomes yellow within 30 seconds and then golden 
yellow. Slowly it fades to pale yellow within 24 hours 
pH 12 2 Same as above. 
pH 12*8 Same as above. 
pH 13 4 Same as above. 

In general, the flavonol does not dissolve in the buffer solutions of lower 
pH readily. On boiling with distilled water, the substance forms a green 
solution which rapidly turns blue. With tap water the solution turns deeper 
blue than with distilled water and slowly fades and after 24 hours becomes 
pale yellow 
Colycopteretin.— 

pH 8 0 Yellow solution, quickly changes to dirty green and to deep 
blue within half minute, more intense blue within one 
minute and starts fading within 3 minutes to bluish green. 
This slowly fades within 10 minutes to yellowish green and 
becomes pale yellow within 18 minutes. After 24 hours 
the solution becomes pale yellow. 

pH 8-6 Yellow solution slowly changing to yellowish green, and blue 
in 20 seconds; starts fading after one minute and becomes 
greenish yellow within 8 minutes. After 24 hours it is pale 
yellow. 

pH 9-2 The initial yellow solution quickly changes to green, blue and 
intense blue within half minute and fades rapidly to yellow 
in two minutes. Within six minutes the yellow intensifies 
and beoomes golden yellow. After 24 hours it is pale yellow. 
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pH 9-8 Colour changes are very rapid; yellow solution turns quickly 
deep green and within half minute greenish yellow, becomes 
golden yellow within one minute and orange yellow within 
two minutes. The solution assumes a yellow colour after 
24 hours 

pH 10 4 Yellow solution rapidly changes to green, and emerald green 
and becomes yellowish green within half minute and orange 
yellow within 45 seconds. The colour fades and becomes 
golden yellow after 24 hours 

pH 11 0 Same as above. 

pH 11 6 Yellow solution; colour changes same as above and faster. 

pH 12-2 Same as above Changes faster than before giving orange 
yellow withm 20 seconds and deeper yellow after 24 hours 

pH 12 8 Same as above. 

pH 13-4 Yellow solution becomes gTeemsh yellow and then fades to 
orange yellow After 24 hours it becomes a deep yellow 
solution. 

With distilled water, the substance becomes green changing to greenish 
blue The solution is also of the same colour and changes 
to pure blue on boiling. 

6:8 -Dihydroxy-quercetut.— 

pH 8 0 Yellow solution becoming deep yellow, turns rapidly yellow¬ 
ish green, green, and emerald green and withm 30 seconds 
turns blue and intensifies to deeper blue in 6 minutes. The 
blue fades slowly and turns to deep yellow in 24 hours. 

pH 8 6 Yellow solution going into deep green withm 20 seconds; 

becomes blue withm \ minute and intensifies to deep blue 
within one minute and fades after 3 minutes. Becomes 
pale yellow in 24 hours 

pH 9-2 Yellow solution, quickly changes to green and blue within 
20 seconds, starts fading withm 2 minutes and becomes 
yellowish green after 6 minutes and yellow after 10 minutes, 
and pale orange after i an hour. Pale yellow solution after 
24 hours. 

pH 9 8 Yellow solution, changes very fast to greenish yellow and 
then blue, fades within 30 seconds and becomes greenish 
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yellow within one minute and yellow in 3 minutes. In 10 
minutes becomes orange yellow which fades slowly and 
becomes yellow in 24 hours. 
pH 10-4 Very fast changes; yellow solution immediately turns green 
and emerald green and becomes greenish yellow and yellow 
within 20 seconds It assumes a golden yellow colour 
within one minute and orange within 2 minutes; subse¬ 
quently fades to paler orange within half an hour; yellow 
in 24 hours 

pH 11 0 Same as above; within one minute deeper orange than above 
and fades within half an hour to pale orange; solution 
deep yellow after 24 hours. 

pH 11 6 Same as above; assumes orange with $ minute and orange 
red within one minute, fades after 30 minutes and becomes 
deep yellow in 24 hours 

pH 12-2 Same as above; deep orange red within 45 seconds and starts 
fading to become deeper yellow in 24 hours 
pH 12-8 Same as above; within 30 seconds deeper orange red; fades 
after one hour to give deep yellow in 24 hours 
pH 13 4 Same as above Solution deeper yellow after 24 hours. 

Substance treated with distilled water gives a blue colour in the cold; 
the colour of the solution changes to green after boiling, fades after t hour 
and becomes pale yellow after 24 hours. 

6: Z-Dihydroxy-myricetin — 

pH 8 0 Yellow solution changes to yellowish green, green and emerald 
green and becomes deep blue within one minute; after 10 
minutes becomes emerald green and fades after one hour. 
Deep yellowish brown after 24 hours. 
pH 8-6 Yellow solution changes to greenish yellow and then rapidly 
to green and blue within i minute. Fades after 3 minutes 
to green and becomes pale yellowish green after 6 minutes; 
in one hour becomes pale yellow; yellow in 24 hours. 
pH 9-2 Yellow solution, changing fast to green and then blue within 
20 seconds; starts fading after 1$ minutes; yellowish green 
within 4 minutes and pale yellow in 24 hours. 
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pH 9 8 Ydlow solution rapidly changing to green and emerald green; 

fades to green within 20 seconds and yellowish green in 2 
minutes; brownish yellow in 24 hours. 

pH 10-4 Yellow solution changing to green and emerald green and 
fading to yellowish brown within 40 seconds; colour turns 
brown within one minute, changes to brown red and reddish 
purple and fades to reddish brown after 2 minutes, becomes 
brown within 5 minutes and orange brown within 10 minutes. 
After 24 hours it is orange red 

pH 11 0 Yellow solution changing fast to yellowish green and to reddish 
purple within one minute and then brilliant purple; slowly 
fades to reddish brown in 12 minutes and orange red in 24 
hours. 

pH 11 - 6 Very rapid changes, initial yellow solution changes to yellow¬ 
ish green, yellowish brown and brown purple within 20 
seconds and then to bluish purple; fades after one minute 
rapidly to reddish brown and becomes yellowish brown 
after 4 minutes; after 24 hours orange red. 

pH 12 2 Faster changes, same as above 

pH 12-8 Yellow solution changing fast to green, emerald green and 
yellowish brown within 20 seconds, becomes brown and 
brown purple and bluish purple and fades to reddish brown 
in one minute and pale brown in 6 minutes; after 24 hours 
orange red. 

pH 13-4 Same as above. 

On treatment with distilled water the substance turns blue in the cold 
The solution becomes deeper blue on warming and fades to pale green after 
1$ hours. It is greenish yellow after 24 hours 

Our thanks are due to Mr. A. N Ratnaginswaran for the gift of several 
grams of calycoptenn. 

Summary 

The constitution of calycopteretin has been confirmed by the decompo¬ 
sition of the fully methylated ether with alcoholic alkali and also by its 
synthesis from the decomposition products. Alkaline hydrolysis of the ftilly 
methylated ether yields anisic acid and 2-hydroxy-<«>-3:4:5; 6-pentametboxy- 
acetophenonc. Condensation of this ketone with sodium anisate and anisic 
anhydride, regenerates calycoptenn dimethyl ether, When the anhydride 
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and sodium salt of benzoic acid are used instead. 3:5:6:7: 8-penta- 
methoxy flavone is readily formed On demethyktion, it yields 6:8-di- 
hydroxy-galangin When, however, the sodium salt and anhydride of 
veratric acid are used, partial demethylation takes place in the 5-position, 
giving rise to both hexamethyl and heptamethyl ethers By complete 
demethylation, 6:8-dihydroxy-quercetin is obtained Using gallic acid 
derivatives for the condensation, demethylation is found to be complete in 
the 5-position yielding 5-bydroxy-heptamethoxy-flavone. Methylation of this 
produces the octamethyl ether and demethylation the octahydroxy com¬ 
pound, 6: 8-dihydroxy-myncetin This is the most highly hydroxylatcd of 
flavones known so far 

A comparative study of the properties of the four flavonols of this group, 
their methyl ethers and acetates has been made. Colour reactions useful 
for rapid identification are also described. They are remarkable in several 
respects. 

The properties of mono-methyl erianthin do not agree with those of 5- 
hydroxyhexamethoxy-flavonc prepared in the course of this work. 
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CONSTITUTION OP CALYCOPTERIN 

By T R. Seshadri and V Venkateswarlu 

(From the Department oj Chemistry, InJhra Unlversltv) 

Received February 5, 1946 

CalycoptbWN is a tetramethyl ether of caiycopteretin which is 3 5 6 7 
8:4'-hexahydroxy-flavone Its exact constitution was first investigated by 
Gulati and Venkataraman 1 and their conclusions were later modified by 
Shah, Venkataraman and Virkar.* Of the two free hydroxyl groups, one wa» 
easily located in the 4'-position by identifying p-hydroxybcnzoic acid (II) 
as a product of alkaline fission The position of the other hydroxyl has been 
finally fixed as 5, since this group is resistant to methylation and the mono¬ 
methyl ether of calycopterin (III) gives reactions characteristic of a 5-hydroxyl 
Further this monomethyl ether has been obtained by the partial demethylation 
of the dimethyl ether (IV) by means of hydrobromic acid Consequently 
calycopterin is considered to be 5.4'-dihydroxy-3.6:7.8-tctramethoxy- 
flavone (I) 



The above constitution has now been confirmed in a different way 
Calycopterin is ethylated by means of ethyl iodide and potassium carbonate 
in acetone solution and the diethyl ether (V) obtained ui good yield. When 
subjected to fission with alcoholic potash, it yields an acid product which is 
identified as p-ethoxybenzoic acid (VI) locating an ethoxyl m the 4'-posi- 
tion of the flavone. The other part is a ketone having the composition and 
the characteristic properties of 2-hydroxy-mcnoethoxy-tetrametboxy-accto- 
phenone (VII) In order to determine its constitution it is further methy¬ 
lated by means of dimethyl sulphate and anhydrous potassium carbonate 

209 
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in acetone solution. This product is found to be identical with the ethyla¬ 
tion product (IX) of 2-hydroxy-a>: 3:4:5:6-pentametboxyacetophenone 
(VIII). The identity has been established not only by direct comparison 
but also by the preparation of derivatives. This is possible only if in caly¬ 
copterin, a free hydroxyl exists in the 5-position which is substituted by an 
ethoxyl in the ethyl ether The various transformations described above 
are diagrammatically represented below: 



Ethylation of calycopterin-— Diethyl-calycopterin (V) — 

Calycopterin (1 g) dissolved in acetone (20c.c.) was boiled under reflux 
with excess of ethyl iodide (3 0 cc.) and anhydrous potassium carbonate 
(10 g.) for a period of 15 hours The solution which was originally orange 
red became practically colourless towards the end. The solvent was then 
removed by distillation, and the residue treated with ice-water. The ethyl 
other which separated out as a liquid solidified during the course of half an 
hour. When it was crystallised from alcohol it came out as colourless 
rhombohodral prisms melting at 131-32° (Karrer*. mp 130°) It was 
insoluble in dilute alkali and did not give any colour with alcoholic ferric 
chloride. The mixed melting poirt with dimethyl-calycopterm was depressed, 
105-115°. (Found:C, 64 1, H, 6 1; C»H*0, requires C, 64 0; H, 6 (>%.) 
It was easily soluble in acetone, ethyl acetate and hot alcohol and very 
sparingly soluble in cold alcohol 

Decomposition of diethyl calycopterin with alcoholic potash.— 

Diethyl-calycopetrin (1 Og.) was boiled under reflux with absolute 
alcoholle potash (30c.c., 8%) for a period of six hours. At the end of the 
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operation, as much of the alcohol as possible was removed by distillation 
and the residue dissolved in water The solution was then filtered from any 
suspended insoluble impurities and the clear filtrate was acidified with dilute 
sulphuric acid. It was then ether-extracted several tunes and the combined 
ether extract was shaken three times with 5% sodium bicarbonate solution 
to remove the add part (A). 

The ketonic part .—The ether solution was then washed with water and 
on distilling off ether it gave a pale yellow liquid which solidified during the 
course of a few hours. It was purified by crystallisation from light petroleum 
(B.P. 60®) when it came out in the form of pale yellow thin rectangular plates 
melting at 75-77® iKarrer 5 gives mp. 63-64®). It dissolved m alkali to give 
a yellow solution and gave an olive-green colour with alcoholic feme 
chloride. It is highly soluble in water even in the cold (Found: C, 
55 9; H, 6 6; C^HuO, requires C, 56 0, H, 6-7%) 

The acid part .—The bicarbonate solution (A) on acidification with 
concentrated hydrochloric acid precipitated a crystalline material which 
was ether extracted. The residue obtained after removal of ether was purified 
by crystallisation from hot water or 10% alcohol when it came out in the 
form of colourless shining needles melting at 197-98' The mixed melting 
point with a synthetic sample of p-ethoxy-berzoic acid (see below) was 
undepressed. (Found. C. 65 2, H, 6 2, OC s H 5 , 26 9, C 9 H 10 O a requires 
C, 651; H.6'0; OC,H„ 27-1%) 

p-Hydroxy-benzoic acid (l 0 g.) was ethylated m acetone solution with 
ethyl iodide (3-Oc.c.) and anhydrous potassium carbonate by boiling for a 
period of 15 hours. The solvent was removed by distillation and the residue 
treated with water. The ether-ester that separated out as a liquid was twice 
extract'd with ether On removing the solvent it was again obtained as a 
liquid. It was then hydrolysed by bolung with 20% sodium hydroxide 
solution (20c.c.) for half an hour and the acid obtained on acidification, 
wM crystallised from 10% alcohol when it came out as colourless shining 
needles melting at 197-98®. Yield 0-9 g 

The aqueous potassium carbonate solution from which the ether bad 
separated was acidified with dilute sulphuric acid when a crystallite precipi¬ 
tate separated out It was crystallised from 10% alcohol and was found to 
be p-ethoxy-benzoic acid. Yield 0-1 g. Thus in the process of ethylation 
of p-hydroxy-benzoic acid some acid is formed along with the ester. 

: 2:3:4: S-pentametkexy&ethoxy-acetophcnone (IX).— 

The above ketone was methylated m acetone solution by boiling with 
dimethyl sulphate and anhydrous potassium carbonate for a period of ten 
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hours. The solvent was then removed by distillation, and the residue treated 
with water when an insoluble liquid separated out and it was extracted with 
ether. Removal of the solvent gave the methyl ether as a viscous liquid. It 
did not solidify on keeping in the ice-chest for a number of days and attempts 
at crystallisation were not successful. It was insoluble in aqueous alkali and 
did not give any colour with alcoholic feme chloride. Hence it was consi¬ 
dered to be the required ketone and was further identified as its 2:4-dimtro- 
phenyl-hydrazone. This was prepared by boiling the ketone with an alcoholic 
solution of denitro-phenyl-hydrazine and was obtained as deep red rhombo- 
hedral prisms by crystallisation from alcohol or acetic acid melting at 
198-99° (Found. C. 57-7, H, 5 9, CnH M O 10 N 4 requires C, 57 5,' H, 
5 9%.) A mixed melting point with 2:4-dimtro-phenyl-hydraane was 
depressed 

Ethylation of 2-hydroxy-to 3 4 5: 6-pentamethoxy-acetophenone (VIII) — 
co:2‘3 4 5-pentamethoxy-6-etho\y-acetophenone (IX) — 

2-Hydroxy-w 3 4-5 6-pentamethoxy-acetophenone* was ethylated in 
acetone solution by boiling with ethyl iodide and potassium carbonate. The 
product on working up came as a liquid which could not be solidified. It 
was insoluble in dilute aqueous alkali and did not give any colour with 
alcoholic ferric chloride It was identified as its 2: 4-dimtrophenylhydra- 
zone This was prepared as before and it crystallised from acetic acid as 
deep red rhombohedral prisms melting at 198-99° A mixed melting point 
with the sample obtained previously was undepressed 

Summary 

The constitution of calycoptcnn as 5.4'-dihydroxy-3:6:7.8-tetra- 
methoxy-flavone has been confirmed Calyoopterm diethyl ether has been 
shown to have ethoxyl groups in the 5 and 4'-positions, since on fission 
with alcoholic alkali, it yields p-ethoxy benzoic acid and 2-hydroxy-to: 3:4: 
5-tetramethoxy-6-ethoxy acetophenone. The constitution of the ketone has 
been established by methylation and comparison with a synthetic sample 
obtained by the ethylation of a> 2.3.4: 5-pcntamethoxy-6-hydroxy-aceto- 
phenone 
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A MOTE Oltf THE CONsilTUTIOM 6 f ALPINETltf 

' 'BV ^C. yiSWESWARA RXo AND T R.' SESriADtu '\ X ' 

(Ffom flu Dtpartmau of Cpmblrf, Andhra UJvtriU?) 

Rfctived Mush J> 1946 , 

From the ether extract of the seeds of Alpinea dinesis, Kimura. 1 isolated 
alpinctip hawing a melting point of 223®, Based on a study ; of its property* 
and reactions, he considered it to be 5-bydroxy-7-mctbexy-flaYanoro. A 
substance of this constitution had already been pi spared synthetically by 
Slunoda and Sato? and its molting point recorded as, 101°, Tbiymsdc it 
by the pirtial raethyiatieiv of 5 7-dihydrcxyrflfrvanore uidrg dugcrr.eitare, 
la view of t'us discrepancy, S-hydroxy-7-methoxy fiavanone has now been 
prepared in a different way by the partial demethylation of 5 : 7rdimethoxy 
fiavanone using aluminium chloride in nitrober zene solution i In its pro¬ 
perties it agrees with the descuption of Shinoda and Satp and it melts at 
101-02°. A'pmetin cannot, therefore, be identical with this fiavanone 
and its constitution should be considered as unsettled. 

Experimental 

$1-Dlmethox\-fiavanone — 

4; 6-pimethoxy-2-hydroxi-£,cetophenorc required for the presort ru> 
pO|C, was prepared by the partial mcthylalion of phlorrcetcpbcror c as 
described by Sastn and Seshadn, 1 It melted at 88r89° ar4 gave a reddish 
brpwn colour with ferric chloride. , 

, In the conversion of this Jcetone into 4:6-dime f hoxy-2-hydroxy-challcorc* 
tba yields and ,the quality of the product could be improved by adopting the 
following procedure. 1 

1 1 A nmtture of 4i 6 dranethcxy-l-hydroxy-acctephenore (3 g ) and berzal- 
tiehydfc (9c.C.)was dissolved in alcohol (20-b.c.) ard treated with a 1 etrorg 
solution of potash (2Sg. of potash in 20 C.c. of watei} while ooohrg in-ice. 
B iisigh^alcohol Was then added to get a homogeneous solution and-the flu* 
tightly stfiptfcW and left’for 3 days at the roomhaaiperature.' tloconfcrffc 
were-then diluted .with water, extracted twice with ether (A), ard thef clear 
alkaline layer acidified with concentrated hydrochloric acid. The product was 
•xtkeoted with ether and the ether solution washed well with tqueous ecditm 
bicarbonate On distilling eff the ether the cbalkore was obtained as a rod 
liquid which soon solidified. Yip\d, 4 0,4,; m P 90-91°. 

When the ether extract (A) was e vapor at od, it left a reddi'b brown oily 
residue. It was treated with excess of petTolcum ether ard the mixture kept 
rtf Uld ico-chest. A pale yellow ay.tanir.e solid separated out. It was 
filtered, washed with small quantities- pf ether and crystallised from a,mixture 
As 213 
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of benzene and petroleum ether from which it separated in the form of 
colourless rectangular plates and prisms melting at 143-44°. It was identical 
wjth the flavanonc described below (JCostanecki and Tambor recorded the 
melting point of 5:7-dimethoxy flavanone as 1. 

For the conversion of the chalkone into the flavanone the former waa 
refluxed with aqueous alcoholic sulphuric acid for 24 hours. The product 
was ground well with aqueous alkali to remove unchanged chalkono, washed 
with a little ether to remove coloured impurities and finally crystallised from 
benzene-petroleum ether mixture. The flavanone separated out as colour¬ 
less rectangular plates and prisms melting at 143-44*. It waa insoluble 
in aqueous alkali and did not give any colour with feme chloride. In con¬ 
centrated nitric acid it dissolved to produce an intense blue colour. When 
reduced with magnesium and hydrochloric acid in an alcoholic solution, it 
gave an orange yellow colour 
S-Hydroxy-l-methoxy-flavmone. — 

A solution of 5:7-dimcthoxy-flavanone (0-5 g.) in dry nitrobenzene was 
treated with a solution of anhydrous aluminium chloride (1 g.) in the same 
solvent. After keeping the solution at 100° for 1 hour, it was cooled and 
treated with excess of petroleum ether, whereby most of the mtroberzene 
was dissolved, leaving behind a greenish semi-solid mass. It was washed 
twice with petroleum ether and finally decomposed with dilute hydrochloric 
acid. The solution along with the solid product was extracted with ether 
and the ether solution repeatedly shaken with dilute sodium hydroxide 
solution. A bulky precipitate separated at this stage in the aqueous medium 
but this dissolved on adding more of water. The alkaline solution was filtered 
and acidified with hydrochloric acid. The precipitated solid was filtered, 
washed with water and crystallised successively from alcohol and a mature of 
benzme and petroleum ether. 5-Hydroxy-7-mctboxy-flavanone crystallised in 
the form of stout prismatic needle* melting at 101-02*. (Found: C, 71*1 { 
H, 5-4; CH»0,110; C«Hj«0«requiresC.71 • 1; H, 3-2and CH*0, H'5%.) 

It was sparingly soluble in cold aqueous alkali. In alcoholio solution 
it gave a deep brown colouration with feme chloride and an orange colour 
with magnesium and hydrochloric acid. In concentrated nitric acid it 
dissolved to a fine blue solution. 
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(Commuaidled by Prof. R, C Sb*h, r.AJc.) 

Thb aryl esters of the acids are prepared by heating the respective phenol 
and the acid in presence of phosphorus oxy-chloride at 130-140“ C. The 
esters of the bromo acid and o-amsidide and o-toluidide of the bromo acid 
are also obtained by the broraination of the esters and the corresponding 
arylamidcs of the simple hydroxy acid. 

The method for the preparation of aryiamides of 2-hydroxy-3-naphthoic 
acid are either covered by patents or are very tedious,* probably because the 
preparation of its acid chloride is very tedious.* Now it is found that these 
aryiamides can be easily prepared by heating the mixture of the acid and the 
amine with excess of phosphorus trichloride. 

In the case of 1 -bromo-2-hydroxy-3-naphthoic acid, however, as the 
add chloride can be easily prepared by the action of phosphorus penta- 
chlonde on the acid in presence of dry benzene, its aryiamides arc prepared 
by the interaction of the acid chloride and the respective ammo in presence 
of dry benzene at room temperature. 

Experimental 

Preparation of aryl esters.— 

The add and the phenol were taken in equal weights and phosphorus 
oxychloride whose volume was equal to half the weight of the acid was added 
to the mixture. The mixture was heated at 130-40*, until a clear solution 
was obtaired When cold, the reaction mixture was diluted with water and 
separated solid was washed completely. All the substances are crystallised 
from acetic acid. They are described in Table I. 

l-Hydroxyl-naphth-c-tohMde—A mixture of the acid (4g.) and 
freshly distilled o-toluidine (5 g.) was heated to melt the acid and then phos¬ 
phorus trichloride (10c,c.) was added through the top of the condenser and 
the mixture was heated at 160-70“ for two hours. When cold, the mixture 
was titurated with dilute hydrochloric add and washed with water. It 
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Table I 


Sob.Unci 

Cryatadlna ahapa 

H.P. 

Form ole 

i I . ' 

Found 

Required 

Yield 

( * 

*-Cre»yM hydroxyl 
nophtl-oote 
• Creayl-3 hydroxy 3- 

Yellow needle* 

Pale yellow needle* 

its-wh* 

«t-5* 

c„W„0' 1 

c„h m o. 

d, ri-i! 

H 6-0. 
C, 77 7 . 
II, 4-4| 

i'77.V 
H, S-0 
C, 77 7 
H. S-0 

1 M 

SO 



isr-e* 

C, r H u O, Br. 

Br, 33-0, 

Br, 33-3 

76 

hydroxy 3-n»phtho»te 
VLreayl 1 hromo-t 

Yellow needle* 

l»-4* 

Cja’IjeOj Br 

Br, 33 4 i 

Br. 37-4 

78 

hydroxy Snapbthoate 
•xo-Creayl 1 l.romo-t- 

Pale yellow naedlw 

140-7* 

C„ir, a O, Br 

Br, 3* 71 

Br, 33 4 

76 

byuroxy S naphthoat* 




i 
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crystallised from acetic acid in small white needles, m.p. 192-3*. YlfeM 
35% (DRP 293,897 gave m.p. 195-6*) (Found. N, 4-8; C u HuO,N 
requires N, 5-1 per cent) 


1- tiydtoxy-3-napth-m-toluidIde —A mixture of the add (5 g ), m-toluiffire 
(6g.) and phosphorus trichloride (20c c ) was heated urder reflux at 170-80* 
for two hours and then worked up as above It crystals cd from acetic rcid 
in shining plates, mp 213-14°. Yield 80% Found: N, 4 9; C It HiiO,N 
requires N. 5-1 per cent )• 

2- Hydroxy-2-naphth-o-anisidide —A mixture of the acid (5 g), p-aniddire 
(7 g) and phosphorus trichloride (20 c c ) was heated under reflux at 170-il0 o 
Ter two and a half hours and then worked up as before. It crystalhred 1 from 
aCetic acid m small needles, m.p 162-4°. Yield 20% (DRP. 293, 897 
gave m.p. 167-8°) (Found; N, 4 -5, Cj<HuO,N requires N, 4-8 percertf) 

' \-Bromo-2-hydroxy-3-naphthoyIchloride —A mixture of the acid (3 g.) and 

phosphorus pentachloride (3 g) and dry benzene (lOc.c.) was heated gently 
on a water-bath until a clear orange solution was obtained. On cooling the 
solution, yellow needles of the acid chloride separated out.- The sbHd-whs 
washed with dry petroleum ether, and dried in vacuum over phosphorus 
pentoxide, m.p. 145-6°. (Found, Cl, 12’2, < Br, 27-6; C u H,Q*GBr 

requires Cl, 12 4 ; Br, per cent.) . - .<>.•,< > 

Arylamides of \-bnm>l-hydH)xy'?rtiaphthoic add.—'the 'acid chloride 
prepared from a certain weight of the acid was dissolved in Sufficient quantity 
of dry benzene (10 times in vdi of the weight'taken)'and' to it the attune, 
whose volume was equal to the weight of the Acid takec. dissolved ia t little 
dry benzene was added and the mixture was left at room temperature for erne 
, hour. The solid obtained after the removal of the solvent was treated with 
dilute hydrochlonc acid, washed with water and then crystallised from acetic 
The substances are described in Table H. 1 >> 
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Table II 



Stkitineaf marks 1 * ar« pfspand by direct cobd email eh M #elt U by lbs bromlmtloa of tbs 
cotyeepoftd<n ( darlntlvss of tbs I hydrory l naptholc acid 


(Ths preparation of r and * c'ryWy)' sateti of 2 hydroryS-naptholc acid and a-and id- 
telnldldei and ,-anlaidlda of the «un« add u well .» Ehenyl #■ and ay creayl satsra and «nUlds, 
t- , m anil pWnUHded and r and>anli'ldldei of I brams-Hiyiroxy-S aapbthalc acid la dsa rfbed. 
Th* s»isja and *-wlu1dldea«Mt o-anliidlds of l brouo-l-bydroa.-S-napilhole aid us hlao; 
ptepsfsd by the bromlnstlon of tbs corraipoodln* dsrivabvsi of tbs * bydrpay l-naphtholo add ) 

domination of the phenyl, o-, and m-cresyl esters and o-tbhddide and okmisidide 

. The requisite ester (2 g) was mixed With dry chloroform (10cC) and 
the solution of bromine in the ?auje solvent (14c.c, of 10% solution) was, 
gradually added to it. The reaction mixture Was left at room temperature 
for half an hour and then the solvent was removed. The brcmo-derivative 
was cryttallked from 1 acetic acid and mixed mdting point with the authentic 
specimen described in Table I was taken, when no lowering m melting point 
was dbeerved. 1 

lit thb bromlnation of o-toluidide and o-anisidide the same method was 
ured, but they being less soluble^ more solvent was used, the proportion o{ f 
the r'eadtants being 1 :T.' These products ako were crystallised from rcetjc 
afcij and muted melting points with authentic specimens described in Table ll’ 
showed no ’ 1 ‘ 

t. 'Kteff W, 18*2,2*,'1743, Brit piteht 2^37, 0 3 patent 1,733, 4t . 

,, ,,, .peteflt 9JD3I ef f*82 , £> R. P, 389027, 293197, 2947*9 of 1914, > ■ 

MJ I90Li22, 7911 > 

1923> SI 12848; F*c* patent t32,»7,j 1927), U. S. patent i,*H27J (192T», 
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In continuation of our studies, Part XXIV in this senes, 1 we have now 
investigated the rotatory dispersion of the condensation products of oxy- 
methylcnocamphors {d, /, dl ) and 2:5-dichloroaniime. 3-mtro-4-chloro* 
aniline, 2-nitro-p-toluidino and 4-nitro-o-toluidine. 

Influence of Chemical Constitution on Rotatory Dispersion 
Rotatory dispersions may be classified as “Simple” or "Complex” 
according as they can, or cannot, be expressed by Drude’s one-term equation, 
[a] »= The condensation products of oxymethylenecamphors and 

aromatic amines, described here, were found to obey the simple dispersion 
formula exactly. On plotting against A 1 , exact straight lines were obtained 
(Fig 1) 

Out of 430 observations recorded in this paper (Tables m-VI), in as 
many as 398 cases the difference (o-c) between the observed (o) and the 
calculated (c) values of specific rotation corresponds to a difference of 0 02* 
or less in the corresponding angles of rotation In 22 cases this difference 
lies between O'02° and 0 03°, and only in 10 cases, most of which are for 
Hgius (Mercury violet)—a difficult line to read—this difference lies between 
0-03 4 and 0 05°. All these differences (o-c), not given here foT economy 
of space, are, however, of the nature of casual experimental errors. 

Physical Identity of Enantiomers 
Pasteur’s Law of Molecular Dissymmetry, according to which the d • 
and /-forms of a substance posses* identical physical properties as regards 
their magnitude has been found to hold good: the values of the rotatory 
power of the d- and /-forms of the compounds in different solvents (Tablet 
m-VI) are identical within the limits of experimental error. 
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(1) 2_NltnwMoluidinome<byl ene-rf-c»mphor in beiuen* 

(2) 3-N>tro-4-chloro»mlioomethjrl ene-rf camphor in ch'orofomj. 

(3) 4-NiUo-*-«olgidlnon*«hyl ene-d-campbor id ft ethyl elcohol. 

(4) 2'5-DlchIoroanillnomethyl enfrd-aimpbor In methyl alcohol 

Effect of the Nature of the Substituent Group on 
thb Rotatory Power 

The polar effect of substituent group is traceable in optical activity. 1 -* 
In the present investigation we have studied the effect on rotation of 
three substituents, Cl, CH, and NO, groups, which are assigned polarities 
in accordance with the following polar senes* deduced from specific inductive 
capacities: OH, Cl, Br. I, C,H,. CH„ H, CO.H, CHO, COCH„ CN, NO,. 
From this study it is found that the effect of substituents on the rotatory 
power can be generally correlated w ; th their polarities as is evident from the 
account:-— 
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(I) Cl. on account of its negative polarity, lowers the rotatory power 
of the parent compound as supported by the followirg observations (Table I): 
Table I 




1 



Structural forraul* 

MeOH 

31 2* 

FtO'l 
26 8* 

Ace j 

SIT 

Pyri¬ 

dine 

12 4* 

C |dnn°' 

t"a* 

I C,H„ 

/IC-CH- 

\co 

Cl 

(60°17) 

851*0* 
(67 78) 

882 0* 
[68 11) 

358-0* 
r80-48), 

386 0* 
'57 76) 

344-0* 

(58-94) 


/jC-CH- 

NO, 

- NH -<Z> a 

sso-n 

160-CB) 

888 0 
(88-32) 

360*0 

(64*45 

350 0 
(61 69) 

320-0 

(87-11) 

290 0 
84-14) 


*\|co 








111 C.H,, 

/|C-CH- 

*\lco 

-NH-( )>CH, 

NO, 

J»P 0 
(Cfl 68) 

378 0 
(88-2!) 

308 O 

(65 54) 

382 0 

(8 12) 

81°20 

295 0 
(52 30) 

/IC-CH- 

IVClH <|co 

-i=>' 

350 0 
(87 18) 

352 0 
(87 8) 

855 0 

(W 6») 

370 0 
(88-03) 

863 0 
(66 38 

339-0 

(55-24) 

«V C,H, 

/|c-c»- 

*\co 

-NH-O 

CH, 

38 6 0 
(«*•«> 

37S 0 

(80 7) 

380 0 
62 6) 

390 0 
(63-8) 

373 0 
(80-6) 

181-0 
(58 8) 

•VI C.H, 

/IC-CH- 

4 \ltO 

- nh -O ch » 

4B2 fit 
(88 68) 

450 St 
(82 44) 

484 It 

,80-26) 

418-4t 

(67-32) 

688 St 
(84-18) 

390 0 

«-• 45) 

*V1I C,H, 

/I C - CH - 

4 \|co 

^>NO, 

c HT 

601'8 
(7B-4) 

800-7 

,67-48) 

822 1 

(70-el) 

861-8 
(70-2) 

823-8 
(88 63 

479 4 

(88-71) 


/C^CH- 

*»»-<!>' . 

600 2 

(84-77, 

405-8 
(72 28) 

380-0 
i81 42) 

«) 

tK 

364 7 
(57 70) 


\!co 








nx,c,H ; 

»<r" 

-N«-0 

m 5 
,83-14 

S84-r 

re-47) 

3& a 
(83-88 

fHi 4 

(83 70) 

381-4 

(81 22) 

1 i83 e 
ap-78) 


/\ c *1C tt r y , 


408 $ 
(7 a-ti 

t?!P*!) 

#4 

374-6 
f(67-88) 

(8%oV 

.1 ' ' * • «»l' ft\< 1 ‘ 1 1 



<WH$ 

■ n 

486-8) 

\ 4*4-f 

i, Jx.. V. 

3*0-2 1 

! VOllo? 
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Tab tjif—'Ctnitd.) 


,i jv ■ > :• . 






'• .1 '■ Stmctirtl lonanl* 

MCOH 

31-3* 

MOH 
»-8* | 

Ace- 

91-6* 

Fyri 

dine 

19-4* 

Chloro 
to-at 

8-9* 

Bra 

9-28* 

' *'* ' 1 * NO, 

' ' 1 ' /IC-'CH-^NH-/ ' } 

399-9- 
i» 3«) 


399-S* 

(89-47) 

387-1* 

(69-80 

350-0’ 

(68-13) 

318-6* 

(67-73) 


S10 7 
(77-47) 


819-4 
(74 11) 

648-0 
(79 68) 

498-8 

(74-49) 

437-0 
(68-08) 


4f4-4 

(88-21) 

439 9* 
(91 CJ) 

442-3 

(8* 31) 

405 8 
(80-48) 

384-8 

(66-66) 

382-6 

(71 37) 

/tC-CH-NH~<f \)H, 

' xvc ‘ H ‘<]co . 

468 0 

(79 80) 

440 8 

(80-13) 

426 8 
(78-77) 

401-6 

(74-18) 

401 6 

(74-15) 

386-4 
(66 88) 

<xvic.h<|; o 

480 0 
(86-M) 

481 3 
-(81-83) 

1 

448-9 

(83-08) 

483-1 

(91 31) 

494 6 
(79-87) 

387-1 

(70-71) 


* biekctrfc eOnaiant of the solvent 
t Calculated vt'ue from the <T<pcr* on formula 
i o B* K.'Singh and R. K. Tewari, Proc India* Acad, Scl, 1945, 22 A, 20 
- * B K 9 ngh 4nd A B Lil, Ibid, 1941 12*. 157 

<■ B. K Singh and B Bhaduri, Ibid, 1937, *4, 343. 
d B. K. Singh and T P Barat, /. Indian C'.tm Sac , 1949,17, 1 
• * B K Singh, B Bhaduri had T Barat, Ibid, 1931, t, 345 

the rotatory power of 2- 5-dichloroanilmcmclhylerecfmphor (I) is lower 
than 'ihht 'of o- and m-chioroanilincmethylere<arnphor$ (Vm, IX); the 
rotatory power of 5-hitro-4-chloroaniliromet]-ylercamphor (IT) is lower 
than that of nt-rtitroamlinomethylerecsmphor (XII); ard the rolatory power 
of <K w-, dhtt'p-cMoroamfironiethy’cr camphors (VIII, IX, X) is lower than 
that of aihlllhijmbtbytenedertphor (XVI) in all the solvents. (2) CH, $roup 
also' 1 oh ddcount of iti negative polarity, has a lowering effect on the rotatory 
of thb parerit compound as is evident from the following observations 



222 Bawa Kartar Singh and Ram Kumar Tewari 

p-toluidinomethylenccamphors (XIV, XV) u lower than that of anilino- 
methylenecamphor (XVI) in all the solvent*; the rotatory power of 4-cMoro- 
o-toluidinomethylenecamphor (V) is lower than that of m-chloroanilino- 
methylenecamphor (IX) in five solvents but higher in pyridine. There are, 
however, some deviations from the abovementioned generalization: the 
rotatory power of 4 -mtro-o-toluidinomethylenecamphor (IV) is lower than 
that of m-mtroamlinoniethylenecamphor (XII) in three solvents but higher 
in pyridine, chloroform and benzene; the rotatory power of 5-nitro-©- 
tohndinomethylonecamphor (VII) is Iowst than that of /Hiitroanilino- 
methylenecamphor (XIII) in methyl alcohol but higher in acetone, pyri¬ 
dine, chloroform and benzene. (3) On the other hand, the positive- 
polanty of NO, group should raise the rotatory power of the parent 
compound. This is supported by the following observations (Table I): 
the rotatory power of 3 -mtro-p-toluidinomethylenecamphor (VI) is higher 
than that of p-toluidinomethylcnecamphor (XV', and the rotatory power 
of p-nitroanilmomethylenecamphor (XIII) is higher than that of anilino- 
methylenecamphor (XVI) in all the solvents; the rotatory power of 
o-mtroanilinomethylenecamphor (XI) is higher than that of anilinomethylcnc- 
camphor (XVI) in all the solvents except pyridine m which it is lower. But 
in the following three cases the NO, group is found to have a lowering effect 
on the rotatory power: the rotatory power of 3-mtro-4-chloroamlino- 
methylenecarophor (II) is lower than that of p-chloroanilinomcthylene- 
camphor (X); the rotatory power of 2-nitro-p-toluidinomethylenecamphor 
(III) is lower than that of p-toluidmomcthylenecamphor (XV); and the 
rotatory power of m-nitroanilwomethylenecamphor (XII) is lower than that 
of amlinomethylcnecamphor (XVI) m all the solvents 

The effect of polarity of the substituent group is, with minor deviations, 
thus traceable in optical activity. 

The position of the substituent group has also an effect on the rotatory 
power and is brought out in the following cases: 3-mtro-p-toIuidinomethylene- 
camphor (VI), in which the NO, group is in the o-position to the substituted 
amino-group, has a higher rotatory power, whereas 2-nitro-p-toluidino- 
methylenecamphor (III) in which it is in the m-position to the substituted 
amino-group, has a lower rotatory power than that of p-toluidinomethylere- 
camphor (XV). S milarly, the rotatory power of o-nitroamlmomethylene- 
camphor (XI) ard p-nitroanilincmetbyleneamphor (XIII) is higher (except 
in pyridine in the former case), whereas the rotatory power of m-nitro- 
anilinomethylerecamphor (XII) is lower than that of anilinomethylece- 
camphor (XVI) The NO, group raises the rotatory power when it is in 
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the e* or ^position to tho substituted amino-group, whereas it lowers it 
when it is in the m-position. 

Etfbct op the Nature op the Solvent on the Rotatory Power 

Tho specific rotatory power of these compounds for Hg IM1 m six solvents 
is given in Table I. The sequences of decreasing rotatory power are as 
follows:—2: 5-dichloroamlinomethylenecamphor (I): methyl alcohol > pyri¬ 
dine > chloroform > acetone > ethyl alcohol > benzene; 3-nitro-4-chloro- 
anihnomethylenecamphor (10' methyl alcohol > ethyl alcohol > acetone 
> pyridine > chloroform > benzene; 2 -nitro-p-toluidinomethylenecamphor 
(HI): methyl alcohol > ethyl alcohol > acetone > pyridine > chloroform > 
benzene; 4-nltro-otoluidmomethyIenecamphor (IV): pyndine > acetone > 
chloroform > ethyl alcohol > methyl alcohol > benzene. The sequence 
of decreasing (or increasing) rotatory power runs m the cases of 3-nitro-4- 
chloroamlinomethylenecamphor (II) and 2-mtro-p-toluidinomethylenecamphor 
(III) strictly parallel with that of the dielectric constants of the solvents, 
namely, methyl alcohol (31 2) > ethyl alcohol (25 -8) > acetone (21 -5) > 
pyridine (12-4) > chloroform (5-2) > berzene (2-28). A similar but less 
marked parallelism can be traced in the case of the other two compounds 
also, namely, the rotatory power of 2: 5-dichloroamlinomethylenecamphor 
(I) is highest in methyl alcohol, which has the highest dielectric constant, 
and lowest in benzene, which has the lowest dielectric constant, and the 
rotatory power of 4-mtro-o-toluidinomethylenecamphor (IV) is lowest m 
benzene. 

It would, however, seem more rational to compare the rotatory power 
of a substance with the dielectric constant of its solution, and not of the 
solvent in which its rotatory power is determined. We have used the values 
of the dielectric constants of the solvents as we have not at our disposal the 
values of the dielectric constants of the solutions. 

The abovementioned sequences of rotatory power in the different sol¬ 
vent* are derived from the rotatory power measurements for Hg,*, (Table I). 
The choice of this wave-length is purely arbitrary as different requences are 
obtained for other wave-lengths. For exmple, in the case of 4-ritro-o-tolui- 
dinomethylenecamphor (IV) the sequercefor Hg l4 « is pyridine > acetone > 
chloroform > ethyl alcohol > methyl alcohol > berzene, whereas that 
for Nn«H > 8 pyridine > ethyl alcohol > acetone > methyl alcohol > chloro¬ 
form > benzene. These effects of dispersion can, however, be eliminated 
when compounds are found to obey the simple dispersion equation of Drude, 
M *“ xr~TJ? The rotation-constant (K) of this one-term equation can 
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be used is a measure otf the abwrtuto -rotatory porter'of the substance. It 
refers to a wave-length A, where A* — A,* « 1 equate rtriCrctt, and it ls o« J 
very much,greater that? 10,000 A U r , The-tenges observed, weye-l*lgth in 
our measurements is V nM and an extrapolation from it to about 10,000 A U. 
is easily permissible'in view of the linear nature of the dispersion equations 
obtained from our measurements, We have, therefore, also given in 
brackets (Table I) the values of K, the rotation-constant, as a measure of 
the absolute rotatory power of the compounds t 

Jt wjll bo seen that the value of K (Table I) w the different 
runs parallel with that of the dielectric constant of the solvent, hi the 
of 3-nrtjo-4-chloroanilmenjethy!erecamphor (II) ard 2-mtro-^ 
methylenecamphor (III) In the cose of the other two compounds (I, IV), 
there is less strict parallelism, the value of K for 2:5-dichloroapiImo- 
metbylerecsmphor (I) is lower in ethyl alcohol and higher in pyridine, and 
for 4-mtro-o-toluidincmethylercamphor (IV) it is lower in methyl and ethyl, 
acchol* than the scquerce of the dielectric constants of the solvent* warrants 
it- This further emphasises that the value of the dielectric constant of th^ 
solution rather than that of the solvent should be compared with the tbso-, 
lute rotatory power of the solution. 

The compounds listed above in Table II are optically active nltro-dyesi 
They Vary in colour from yellow to orange in the solid state or in alcoholic 
solution Wheti their alcoholic solution is made alkalire, the colour 
deepens in the case of the ortho- and pora-mtro compounds (VI and VII ,' 
of Tim Position of the Nitro-group on thIb fcoLdt* r 


of the Dyes 
Table II 



Colour In the 
solid >U 1 « 

Colour In ethyl 

Colour In ethyl 
alcohol in 
preuoncu of^OH 

--p- t -r T 

S-Nltro t t-iloidlnonjethtlenecuraphor 
(VI, tfnMe 1) 

Orange-red 

YcUow orange 

Port win 0 rqd 

S-tiltro-a-loluliilnomelbylenecnpiphor 

(Vlf, Table 1) 

Bright yellow 

Yellow 

t>«ep vi ol,'t 

S‘r*lbo-4-etilnroanmn0ttirthyf««cainp(>or 

(U,THI« I) 

Bright yellow 

Lemon-yellow 

Port touched ^' 

*Nf ro-^tulatdbuamatbylenKMBpbor 

I anon-ytllow 

Lemon-yell 

Vello>#-Areni6 

4-Nitro-wuTaldlnometh\lenecaini^inr 

' <TV, t»u# fj " f ’ ' 1 

J^mon-yellow ) 

Lemon-yello^ 

Ycllohdeh-Ufht. 
Vrown , . ’ 
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Table II), whereas no such deepening of colour is observed m the case of 
the mefa-nitro compounds (III and IV, Table II) This is due to the fact 
that ortho - and para-intro derivatives can change in alkaline solution into 
the act -form having quinonoid structure as illustrated in the following 


formulse 

.. 

Ho 


*.NItio-n-tolol<Hooiti«thjl*B«t»mphoT 

(VI, T»bl« It) . yellow-or Mi g« In 
alcohol 



S-Nltro-o-toIuldlnomethyleuiicimpbor 

(Vn, Table II) . jellow 1b alcohol 



3 conjugate doable Honda (shortest roate) 

4 conjugate double bonds (longest route) 
Port wine red 



9 conjugate doable bonds (either route) 


Further, the chain of conjugate double bonds is longer in the para- 
quinonoid structure than that in the or/Ao-quinonoid structure; this explains 
the deeper colour of the /wra-nitro compound than that of the ortho -mtro 
compound. 

The abovementioned tautomerisation to the acf-qumonoid form is not 
possible in the case of the meta -mtro compounds (III and IV, Table II); 
therefore, there is no change in colour when their alcoholic solution is made 
alkaline The port-wine red colour of 3-nitro-4-chloroanilinomcthyleme- 
camphor (II, Table ID, a meta -mtro derivative, in alkaline solution can, 
however, be explained by assuming that the Cl atom, which is rendered labile 
by the adjacent NO, group, is replaced by the hydroxyl group, thus permitting 
tautomerisation into the orrho-quinonoid structure. 


,b -<L 


11 —NH— ^ S c 


< 


•.c 


-o- 


if^-oi 

-c$-° 


A| 


KOH 
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Our results are thus in agreement with the modern view* of the influence 
of chemical constitution on colour 4 

Dyeing Properties of Compounds II, III, IV and VT (Table II) 

These substances, being acid dyes, have been examined for their dyeing 
properties on wool from an acid-bath containing 2% sulphuric acid and 10% 
Glauber’s salt - 3-mtro-p-toluidinomethylenecamphor (VI) dyes wool a 
light yellow-orange colour which is fast to washing with soap and to sun¬ 
light (30 hours’ exposure). 3-mtro-4-chloroamhnomethylenecamphor (II), 
2-nitro-p-toluidinomethyleuecamphor (III) and 4-nitro-o-toluidinomethylcne- 
camphor (IV) dye wool light yellow colour which is fast to washing with soap. 
Sunlight, however, causes fading m these colours to a slight extent after a 
moderate exposure (12 hours) 

Experimental 

General Method of Preparation - The dextro -forms of the compounds 
were prepared by adding oxymethylene-rf-camphor (1 mol proportion), 
dissolved in ethyl alcohol, to the solution of the free base in acetic acid, when 
a precipitate was obtained immediately or on keeping It was then repeatedly 
recrystalliscd from ethyl alcohol 

The lavo- and racemic-isomers were prepared in the same way as the 
corresponding dextro-compounds and had similar crystalline form and 
solubility 

2:5-Dichloroanilinomethylene-d-camphor, m p. 139-140° C., was obtained 
as crystals with yellow tinge It is very soluble in acetone, pyridine, chloro¬ 
form and benzene, less so in methyl and ethyl alcohols, and insoluble in 
water* (Found! Cl, 21 89, N, 4 05 CtiH|)ONOi requires C3, 21 - 87; 
N, 4 32 per cent.) 

2. 5-Dkhloroanllinomethylene-l-camphor, mp 139-140®C. (Found: Cl, 
21-92. QjHj.ONCI, requires Cl, 21-87 per cent) 

2: S-DicMoromlhnomethylene-d\-camphor, m.p 136 5-137 5“C. (Found: 
Cl, 21 • 87 CwHj.ONCI, requires Cl, 21 • 87 per cent) 

l-Nitro-4-chloroanilinomethylene-d-camphor, m.p. 215-216° C. was 
obtained as bright yellow rectangular plates It is soluble in pyridine, less 
so m acetone, sparingly soluble in chloroform and methyl and ethyl alcohols, 
very sparingly soluble in benzene, and insoluble in water (Found: Cl, 
10-80; N, 8-19. C n HuO,N,Cl requires Cl. 10 59; N, 8-37 per cent) 
i^NltroA-MorocmlUnomethyleneA-camphor, m.p. 215-216* C (Found: 
Cl, 10-77 QtHuO.N.Cl requires Cl, 10-59 per cent.) 
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yNltro-A-chbroaoUittomethylenc-dl-camphor, mp. 204-205° C (Found 
a. 10-79 QtHj.O.N.CI requires a, 10-59 per cent) 

2-Nitro-p-tohddinomethylene-d-camphor, m p. 193-194° C , was obtained 
as long lemon-yellow rectangular plates It is soluble in pyridine, moderately 
soluble in acetone, chloroform and methyl and ethyl alcohols, sparingly 
soluble in benzene, and insoluble in water (Found: N, 8 73 Ci t H u 0 3 N» 
requires N, 8 92 per cent.) 

2-Nitro-p-tokudmomethylene-\-camphor, mp 193-194°C (Found N, 
8-75 QjHnOjN, requires N, 8 92 per cent ) 

2-Nitro-p-toluidinomethylene-d\-camphor, m p. 181-182° C (Found N, 

8 72 C^HmO.N, requires N. 8 92 per cent.) 

4-Nltro-o-toluidinomethylene-d-ccpnpkor, mp 137 5-138-5°C, was ob¬ 
tained as lemon-yellow needles It is very soluble in pyndine, chloroform, 
acetone and benzene, less so in methyl and ethyl alcohols, and insoluble in 
water (Found N, 8 71 C 18 H I1 0,N, requires N, 8-92 per cent) 

4-Nltro-o-tolutdlnomethylene-l-cOmphor, mp 137 5-138 5°C (Found 
N, 8 73 CuHmO.N, requires N, 8 92 per cent) 

4- Nltro-o-toluldinomethylene-& I -camphor, mp 139-140° C (Found 
N. 8 74 C,,H M O t N, requires N, 8-92 per cent) 

The rotatory power determinations were earned out in a 2-dcm jacketed 
tubo at 35° C The value of A,, calculated from the dispersion formula, 
is given in the tables and is expressed as ji or l(Hcm 

Summary 

1 The rotatory dispersion of optically active forms of 2; 5-dichloro- 
aiulino-, 3-nttro-4-chloroamlino-, 2-nitro-p-toluidino- and 4-nitro-o-toluidino- 
meth ylenecamphors has been investigated in six solvents for the visible 
spectrum (A*,*, to A^, and found to obey the Drude’s one-term equation, 

[ ft j it is therefore simple 

2. Within tho limits of experimental error the d- and Worms of these 
compounds possess identical rotatory power. 

3. The effect of the polarities (as deduced from specific inductive 
capacity) of Cl, CH* and NO, groups on the rotatory power has been studied 
With minor deviations, Cl and CH, groups, being negative, lower the rota¬ 
tory power, whereas NO, group, being positive, raises the rotatory power. 
Thus the polar effect of substituent groups is traceable in optical activity 
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4 Subject to minor deviations, the sequence (decreasing or increasing) 
of the rotatory power of these compounds runs parallel with that of the 
dielectric constants of the solvents in which the rotatory power is determined. 

We wish to make grateful acknowledgement to the University of Allaha¬ 
bad for the grant of facilities for carrying out this investigation. 
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1 Introduction 

Ramdas and co*workeis pointed out early in 1934 that both above and 
below a heated plate there is a dust-free layer of very hot air. Above the 
plate this layer shoots up through the colder air above in a regular pattern 
forming what is known as the “shimmering layer” This aspect of the 
subject has been further developed and discussed in a series of papers 1,M 
Below the heated plate, owing to the stable arrangement of the air layers, 
the convective phenomena are not violent as in the previous case but very 
much simpler In fact, when matters are so arranged that an air cell (filled 
with smoke and illuminated suitably) is formod with a hot surface above 
and a cold surface below and the sides arc suitably enclosed, the dark layer 
is found to be restricted in its scope by a pair of vortices. As the cold lower 
surface is brought nearer and nearer to the hot surface it is found that the 
vortices separate towards the two sides leaving a calm layer at the centre 
where the dark layer attains a maximum thickness, ultimately, when the 
cold surface approaches the hot one within 2 mm or less the vortices die 
away completely, all convective phenomena cease, and thermal repulsion 
has full play. When this “ convection-free ” state is reached, dust particles 
are repelled with a uniform velocity as defined by Stokes’ Law and arc 
deposited on the cold plate The velocity is found to be proportional to 
the thermal gradient. These results have been discussed fully in a paper 4 
by the present writer. Later, Ramdas and Joglekar* studied the movements 
of oil droplets in a vertical convection-free air cell (between a vertical hot 
surface and a vertical cold surface) and found that the falling particles being 
artyt U pon by gravity vertically and by the thermal repulsive force hori¬ 
zontally, move in straight lines inclined to the vertical from the hot to the 
cold surface. 

In the same paper they have described experiments on the steady 
deflection of a mica vane suspended parallel to the two surfaces by means of 
quartz fibre. The mica vane is repelled from the^hot towards the cold 
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surface, the deflections being proportional to the temperature gradient. The 
apparatus used in the above experiment is shown m Fig. 1. 



Fw i 

A temperature gradient is maintained between the faces OH and KL 
of the vessels A and B which are kept at the desired temperatures by circu¬ 
lating hot and cold water respectively through the pipes C x , C,. C» and C 4 ; 
Ti and T, are thermometers. The vessels A and B slide in the outer piece 
CEFD so that the distance between OH and KL may be adjusted as desired. 
The joints at C, D, E and F are made air-tight by means of a mixture of 
bees-wax and rosin. The mica piece M is suspended by means of a fine 
quartz fibre as shown in the figure. As soon as the face OH becomes warmer 
than KL, M is deflected to the right, the deflection being proportional to 
the temperature difference when the air cell is thin enough to be convection- 
free, as it is always arranged to be in all the experiments to be described here¬ 
after. The deflections are measured by means of a microscope focussed on 
the lower end of the quartz fibre and having a suitable scale in the eye-piefce. 
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The experiments of Ramdas and Joglekar were made at atmospheric pressure 
At the suggestion of Dr Ramdas the present writer undertook the detailed 
investigation of thermal repulsion at different pressures ranging from atmo¬ 
spheric pressure to 10 -4 cm of Hg. The influence of the size of the gap 
between the hot and cold surfaces, effect of different gases, etc, have also 
been investigated over the entire range of pressure referred to above The 
results so far obtained are discussed in the present paper 
2 Experimental Arrangements 

The apparatus shown in Fig, 1 was found to be very convenient for the 
present work The inter-space GH KL was provided with two diametrically 
opposite glass windows through which a beam of light coming nearly per¬ 
pendicular to the plane of the diagram from below illuminated the junction 
of the quartz fibre and the mica piece. The gap was also provided at the 
top with an inlet tube for evacuation and introducing other gases For 
reducing gas pressure a Gaede High-Vacuum Pump was used A specially 
constructed MacLeod gauge designed to measure pressures m the range 
8 x 10-*cm of Hg to KHcm of Hg was used. Pressures higher than 
8 X 10~* cm. were measured directly with a vertically travelling microscope 
focussed on the top of the mercury column in the MacLeod gauge when its 
Hg reservoir is kept in the lower position Gas pressures were controlled 
during experiments by running the pump until the desired pressure was 
reached and by closing the stopcock between the apparatus and the pump 
Gases were dried by allowing them to stand m tubes containing phosphorous 
pentoxide before being drawn into the experimental chamber The tempe¬ 
ratures of the hot and cold surfaces could be maintained constant to within 
01°C. but actual temperature readings were always taken 

The general experimental arrangement is shown in Fig 2. 

The procedure followed in introducing a given non-corrosive gas was 
as follows •—T, and T s were kept closed T„ T 4 , T«, T* were opened and the 
air was pumped out until the pressure fell to about 10-*cm as indicated by 
the gauge. Then T* T 4 . T s aDd T, were closed T, was opened and gas was 
admitted into the P t O, tube between T, and T t . T, was closed and the gas 
allowed to stand in the tube for 15 minutes. Then T e was slightly opened 
and a small quantity (as indicated roughly by the fall of Hg in the mano¬ 
meter M) of gas let into the space between T s and T* Then T t was closed 
and T # opened so that gas filled the space between T, and T 4 . Then T 4 was 
an d T 4 opened so as to admit the gas into the experimental chamber. 
This pre ca ution in introducing the gas was necessary in order to avoid the 
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nuci vane being thrown into violent oscillations. After introducing the 
gas. it was pumped out. In this way, the apparatus was washed with the 
gas under experiment several times before the final filling was done. The 
thermal repulsion at different pressures was then observed. In the case of 
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corrosive gases the KOH tower was used for protecting the pump To pump 
out the gases, T x was closed and T, and T* were opened. This was conti¬ 
nued till the pressure fell to about 1 mm of Hg The tower packed as it was 
with small KOH tablets offered a large resistance to pumping So to obtain 
lower pressures T, T, were closed and Ti opened, the small residual gas not 
being expected to cause appreciable damage to the pump 

To enable sufficiently low pressures to be attained wide-bored glass¬ 
tubing was used for connecting the different parts of the apparatus and rubber- 
tubing avoided as far as possible 

3 Variation of Thermal Repulsion with Pressure in Air 
Fig 3 represents a typical curve showing the dependence of thermal 
pressure on the gas pressure. The distance between the hot and cold surface 
was 5 mm. The mica vane was in the middle of the gap. 8 u the deflection 
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in divisions of the microscope eye-piece scale. AT is the difference of tem¬ 
perature between the surfaces The length of the quartz fibre was 20 65 cm 
and the mass of mica 5-8 mgm. The dimensions of the vane were 0'742 cm. 



Fw. J 

(length) and 0 328 cm. (breadth) One division in the microscope scale 
equals 1/20 mm. Unit value of 8/AT therefore corresponds to a thermal 
pressure of 5 659 x 10~* dynes per cm.’ 

It will be seen that the deflection is very small at high pressures, but 
increases to a maximum as the air pressure is reduced to 6 3 x 10~* cm of 
Hg The deflection decreases thereafter with further decrease of air pressure 
4 Variation of Thermal Repulsion with Temperature Difference 
To study the dependence of thermal repulsion on AT a gap of 2'5 mm. 
was used The mica vane was placed in the middle of the gap The dimen¬ 
sions and mass of the mica vane as also the length of the suspension were 
the same as before. The air pressure was maintained at 6 5 x 10-*cm. 
of Hg. The results are given in Table I 8 is the deflection of the vane, 
8 when plotted against AT will be seen to be proportional to the tempe¬ 
rature difference. This proportionality is used in the succeeding sections to 
reduce the deflections for AT «= l’C. 
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Tablb I 



5 Variation of Thermal Repulsion with the Position of the 
Mica Vanb in thb Gap 


The mica vane and the suspension used for this experiment were the 
same as before The gap between the hot and the cold surfaces was 7-5 mm. 
The vane was initially placed at different positions along the axis of the gap 
and corresponding values of and p were obtained for each of these 
positions 

The results are given in Table II is the maximum value of ^ 

and the distance referred to is that of the vane from the hot surface The 
third row of the table gives the air pressure corresponding to the maximum 
deflection or what may be called the optimum air pressure. It will be seen 

that both xt anc * optimum air pressure increase in value as either 
the hot or the cold surface is approached 


Table II 



6 Effects of Varying the Width of toe Gap 


The experiment described in Section 5 was repeated with a number of 
gaps using the same vane and suspension as before The whole of the data 
cannot be given here for considerations of space. It was however observed 
that if we restrict our attention to the same value of ? (where Z is the distance 

of the vane from the hot surface and g the width of the gap) then the maximum 
deflections and the corresponding optimum pressures showed some interest- 

z 

mg features. These are given in Table III for the case - nearly equal to 
0-5. g is the gap in mm It will be seen that g x (where i# the 
maximum deflection) has a mean value of 13-53. It increases from 12-9 
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for a small gap of 1-25 mm. to 17 0 for a gap of 10 mm but remains 
constant for bigger gaps. 

Again one notices a gradual but slight increase m the value of g x p m - 


Table III 


GtpxVTxlO 1 

G.pxiWOT 

.. 1-85 *8 

.. 3 It 3-48 

.. IS# 13-1 

8 7 8 10 0 

3-18 3*20 8*84 

14*8 18 S 17 0 

11 SS IS 0 80*0 

3*86 3 77 S-58 

17 6 18 8 17 0 

7 

Variation with the Area and Perimeter op the Vane 



Table IV 



1 14 18 18 

l-SS 1 18 1*18 1 20 

so ss 14 se 

1*24 1 S« 1*8S 1*38 

3*6 3*0 3*8 3*4 

1*4 1*37 14 1*66 


Rectangular mica vanes were u&cd for this purpose. Table IV refers to a 
comparison of results with two mica vanes over a wide range of air pressures. 
The first had an area of 100 mm * Its dimensions were 1cm X 1 cm. and 
mass 18 4mgm The length of the suspension was 25 2cm The other 
vane had an area of 45 mm. 1 Its dimensions were 1 5 cm x -3 cm. and mass 
9 9 mgm The length of the suspension was 25 5 cm The first row m 
Table IV gives the air pressure and the second row gives the ratio of the 
deflections in the two cases This ratio is seen to be fairly constant over 
the wide range of pressures experimented with This indicates that thermal 
forces bear a sensibly constant ratio at all pressures. 

Table V gives the values of ™ x for a number of mica vanes, m. I 
being respectively the mass and the length of the suspension j x 


Table V 



is proportional to the maximum thermal force. The table also gives the 
perimeter and the area of the vanes. The thermal force seems to be pro¬ 
portional to the area. There is no simple relation between the thermal force 
and the perimeter. Thermal force does not, therefore, appear to be an edge 
effect. It is area effect, under the “ convection-free ” conditions of our 
experiments, 
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8 Experiments with Mica and Aluminium Vanes 
To study the effect of the conductivity of the material of the vane, the 
experiment was done with a mica vane and later with an aluminium vane 
Both had nearly the same area The dimensions of the A1 vane were 
1 05 x 0 95 cm. Its mass was 48mgm and suspension length 22-0 cm. 
The mica vane had dimensions 1cm. x 1cm. Its mass was 18 4mgm, 
and the suspension length 25 -2 cm. Fig. 4 represents the results obtained. 
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Curve 1 refers to aluminium and curve 2 refers to mica. The force on 
aluminium is slightly less than on mica. In comparison with the ratio 
„ , . ( conductivity of aluminium 

of thermal conductivities of the two materials { —— 

“ “0<yf8 = 285 ‘6)> the change in thermal repulsion seems to be slight. 

9 Variation with Different Positions of the Vane along a 
Diambtbr of thb Cylindrical Chamber 
A series of measurements were made with the mica vane at different 
posiUons along a vertical diameter of the chamber, but equidistant from the 
two surfaces The results obtained showed that there is no appreciable 
variation with the position of the vane along this direction. 
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10. Vane Placed with its Plane Perpendicular to the Plane 
of the Hot or Cold Surfacb 

In Fig. 5, Curve 1 shows the results when the vane is parallel to the hot 
surface and Curve 2 shows the results when the vane is perpendicular to the 



hot surface. The maximum thermal repulsion in the latter case is roughly 
half of that when the vane is parallel to the surface 

11. Large Aluminium Vane 

The diameter of the circular chamber is 7 *25 cm In all the previous 
experiments the area of the vane was very small as compared to the area of 
the hot or cold surface. To study what happens when the area of the vane 
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approaches that of the hot surface, an aluminium blade of the shape given 
in Fig. 6 was used. It is a thin circular disc of radius 3 -25 an. with a rect¬ 
angular cut 2'5 cm. < 1-5 cm. to allow free space for the glass separating 



Sun or Xu* bmnr Aluminum Vast V*«» 


pieces placed betwocn the hot and the cold surfaces The area of the vane 
was 29-44 cm ' The maximum value of 7 AT X A ,s P r0 P ortl0nal 

to the ratio of thermal force to area A of the vane) was found to be 0 024 
This compares favourably with the value 0 025 found for an aluminium 
blade 1 cm. x 1 cm. Thus the proportionality of thermal force to area 
holds over a very wide range of areas. 

12. Different Gases 

A gap of 5 mm was used In all cases the vane was kept in the centre of 
the gap. The vane was of mica and had dimensions 742 x -32 x -016 cm 
Its mass was 5 8 mgm and the suspension length = 20 65 cm The 
results obtained are shown in Fig. 7. It will be seen that as the molecular 
size increases, the peak becomes lower and at the same time shifts to the low 
pressure side. In Fig. 8, the values ofSJAT (maximum deflection per 
degree difference of temperature) are plotted against the mean free path at 
NT.P. which is inversely proportional to the area of molecular cross-section. 
The values are the means of two sets of observations The curve is a straight 
line passing close to the origin In Fig 9,' the absciss® are logs» of the 
optimum gas pressures. From the graph it can be deduced that 

56 23 56 23 xp m " nearly. 
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13. General Discussion of Rbsults 
(a) In the experiments described above, a vertical gas cell is used. As 
shown m a previous paper by the present author, a vortex motion is present 
at atmospheric pressure if the gap is not small enough. If the gas pressure 
is reduced sufficiently, a stage is reached when the vortex motion will cease 
whatever be the width of the gap. The wider the gap the lower the pressure 
will have to be reduced to for attaining the “ convection-free ” state. For 
the purpose of the present paper, it is quite safe to assume that at pressures 
below 1mm of Hg convectional movements are entirely absent In an 
air cell without convective movements the air is stratified into vertical strata 
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An attempt will now be made to derive an expression for the thermal 
pressure starting from some elementary considerations and to use it to explain 
the important features of the phenomenon described in the foregoing sections 
In Fig 10 let HH be the hot surface and CC the cold surface. Imagine 
unit area AB parallel to HH. This area is crossed by the same number 
of molecules per second in either direction. Denote this number by V. 
The molecules crossing AB from left to right are more energetic than those 
crossing AB from nght to left. Naturally there will be a net transfer of 
momentum from left to right across AB. This momentum will clearly be 
proportional to * n\ Again the molecules crossing AB from left to nght 
may be supposed to have, on an average, a temperature f, appropriate to 
some such plane as P v Similarly we may suppose P, to be the equivalent 
plan#, on the right-hand side and let the temperature there be t, Then the 




246 M. K. fcaranjp* 

momentum ‘M’ transferred across AB in unit time may further be assumed 
to be proportional to t x — /» or At 

M oc n At 

Now the number ‘n’ of molecules crossing unit area is known to be pro¬ 
portional to gas pressure 'p' 

A< 

We now observe three things about At. 

(0 The molecules crossing AB from left to right are coming from different 
strata between HH and AB. As the pressure of gas is reduced, the mean 
free path increases, and the proportion of the molecules coming from larger 
distances from AB increases, the equivalent plane P x moving nearer to HH 
and thus increasing the value of t v A similar argument shows that as pressure 
decreases, P, moves towards CC, decreasing the value of t*. Thus as gas 
pressure ‘p’ decreases, the effective temperature difference increases 

(») Imagine a molecule to travel from the hot to the cold surface Then 
it suffers mj*gv collisions, where <r is molecular diameter, ‘g’ the distance 
between the hot and cold surfaces, and k is the number of molecules per c c. 
The degree of equalisation of kinetic energies clearly increases with the number 
of these collisions and may therefore be assumed to be proportional to 
a x + 6, («T*gv) + Ci (w* gv)*, 
where a x , b\ and c x are constants. 

At will clearly decrease as the degree of equalisation of kinetic energies 
increases Let us put therefore 

^ “ degree of equalisition of kinetic energies 

or +b l (™*gi)+c l (vo*gvy 

But v oe p and therefore we may write 

A * a,' + 6,'(Wftp)+ c/(w*gp)‘' 
where a x \ b x and c,’ are constants 
This is obviously consistent with the idea In (l). 

(iii) Again At may be assumed to be proportional to AT, the tempera¬ 
ture difference between the hot and the cold surfaces. 

AT 

“ aY~+bt'lM*gp) + c/(w*gp)‘ - 


.-. We put At 
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But we have seen that M 
Therefore M 


p A t. 

p AT 

+b l 'Jm*gp) + + Ci (va'gp)'- 


If wo now suppose that a vane of some material is suspended in the position 
AB, then this vane will experience a thermal pressure proportional to M. 
We therefore have thermal pressure 


P 1 + b 0>*gp) + c 


( 1 ) 


a, b and c being constants » 

We will now examine how faT (1) explains “ the observed results ” 


It can be shown by differentiating the above with respect to p, that *P\ 
regarded as a function of 'p\ has a maximum at /> = This explains 

the hump observed m Section 3 The proportionality of ‘P* to AT (when 
'p' is kept constant) described in Section 4 also follows from (1). The opti¬ 
mum pressure 


so that xj = a constant for a given <r, i e , for a given gas. This was the 
result found in Section 6 If now we substitute this optimum value of 'p' in 
(1) then the maximum thermal pressure 

p -_<* AjD/JVcga’) (3) 

2 + Vc 

If the gap is varied, then P„ x g is a constant This is another result found 
in Section 6 


In Sections 7 and 11 we have seen that the thermal force is proportional 
to area. This hardly needs any explanation after reading through our deri¬ 
vation of equation (I) 

If the vane is thin enough to enable us to suppose that its two sides do 
not differ very much in temperature, then it is immaterial as to what the 
material is. This is roughly what we find in Section 8 

From equation (1) it will be seen that as the gas pressure p tends to zero 
the thermal pressure P tends to be equal to ap AT. This expression is 
independent of <r and therefore independent of the gas used. Here reference 
may be made to the work of Lockenvitz.* He shows that the thertnal pressure 
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at very low gas pressure is given by 


This is independent of the particular gas used. We thus see that equation 
(1) gives as a limit the formula of Lockenvitz 

Let us now consider results for different gases described in Section 12 
The maximum deflection SJ AT (which is proportional to the maximum 
thermal pressure) was there seen to be proportional to the mean free path 
at NTP, ie, A «J, 

Therefore ( 4 ) 

This result follows from (3) above 

Thus formula (1) represents most of the experimental results. 

Consider now the optimum gas pressure p m as given by (2). 

Pm ~ Vcgo*' 

ButP*cc c V 

Therefore on our theory we expect P„ « p m On reference to Section 12 
it will be seen however that the verdict of the experiment is 
P* 06 approximately. 

Thus in this respect, although the theory given above does predict correctly 
that p m increases with P„, the fit is not quantitative. 

(6) We shall now consider the experimental results described in Section 5 
Mandcll and West 7 have shown that the fall of temperature from the hot 
to the cold surface is not exactly linear. They have shown that the tempera¬ 
ture falls more rapidly near the hot and cold surfaces than in the middle. 
It is natural to expect that the thermal force on the suspended vane will be 
varying similarly to the temperature gradient in its neighbourhood This 
explains the larger deflections obtained when the vane approaches either 
surface. 

(c) Explanation of the results in Section 10 —We have seen that even 
when the vane is placed perpendicular to the hot surface, there is quite a 
largo thermal repulsion, the maximum value being about one half of What 
wc get when the vane is parallel to the surface. This result may appear 
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to be rather puzding at a first glance. One is apt to think that the thermal 
force when the vane is perpendicular to the hot surface should be vanishingly 
small. The following considerations, however, show that the deflection 

H , ? ? f 


A 


B 


H C 

Fra 10 

actually observed in the perpendicular position is to be expected. We make 
the following assumptions — 

(1) Let n be the number of molecules striking or leaving unit area of 
a solid surface in unit time Then we suppose with Knudsen* that the 
number whose velocity directions lie in a narrow cone of solid angle dot 
whose axis makes an angle with the normal to the surface is given by 

2 cos <fi del 

(2) The molecules coming from the hot surface side and the cold surface 
side have mean velocities C and Q respectively, C being > C lt C„ is the 
velocity of a molecule corresponding to the temperature T# of the vane. 

(3) Consider a solid surface at temperature T» in contact with a gas. 
Let the mean temperatures of the incident and reflected molecules be T and T’ 
respectively Then if a is Knudsen’s accommodation coefficient, 

T' -T 

°“r.-T 

Let us now suppose that a fraction x of the incident molecules is 
absorbed and then re-emitted with the temperature T* and that the others 

At 


z 






250 


M. K. Paranjpe 

arc ro-cmitted without any alteration of temperature. Then the mean 
temperature of the outgoing molecules *= x T» + (1 — x)T and this must 
equal T' Substituting this value of T'm the equation for e we get. 
xT,+(l-x)T-T_„ 
a “-TT^T * 

Let C. Co be the molecular velocities appropriate to temperatures T and 
T 0 . We can then sum up this point by saymg that without contradicting 
Knudsen's idea of an accommodation coefficient a, we are assuming that of 
the incident molecules a fraction a is temporarily absorbed and then leaves 
with velocity C 0 , while the remaining molecules go away with unaltered 
velocity C. 

We shall now proceed to calculate Pi and P, which are the thermal 
repulsion forces per unit area when the vane is parallel and perpendicular 
respectively to the hot surface. 

Choose axes as shown in Fig 11 so that the YZ plane is parallel to the 
hot surface and the temperature decreases along OX 
Calculation of 

Suppose that the vane is kept at O with its plane parallel to YZ plane. 

The momentum P, imparted by the molecules in unit time per unit area 
of the vane is made up of the following parts on the X side of the YZ plane. 
(i) Momentum due to n molecules incident 

(u) Momentum due to (1 — o) n molecules leaving with unaltered 
velocity. 

(ui) Momentum due to on molecules leaving with velocity Co. There 
will be three similar contributions say—(i)'. (u)' and (in)' due to X' side of 
the YZ plane. Since (ui) and (in)' are equal and opposite their joint result 
=■ 0 

Consider (i) and (u) The result is clearly the same as that of 
n + (1 - o) n molecules or n (2 - o) molecules being incident. Same is 
true of (i)' and (n)' 

Thus Pj = Momentum due to n (2 - o) molecules of velocity C t incident 
on X side of YZ plane and 

Momentum due to n(2 ~ a) molecules of velocity C incident 
on X' side of YZ. 

<• n (2 — o) 


Write n‘ 
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Now the number of molecules incident along ( 6, p, dot) in the octant XYZ 


=* ~ sin* 8 cos <j> d8 dp 

The momentum due to each molecule of this group parallel to OX 
= — m c x sm 8 cos <jt 

P> - 4 ii^ sm 1 8 cos p d8 dp') mcx sin 8 cos p due to 
4 octants on the X side of YZ plane 

-//( — — sin* 8 cos pdd dp') ( * me sin 8 cos p) due to 
the 4 octants on the X' side of YZ plane 
- J* sin* 8 d8^c j' cos* pdp - e x J* cos* P dpj 

= *»'m(c-cj 

‘“in(2 - a)m(c — cj since n’ -n (2 — a) 


Calculation of P, 

Suppose the vane to be placed at O with its plane parallel to ZX plane. 
P, is made up of the following parts 
(i) Momentum due to n molecules incident on both sides of the vane 
(u) Momentum due to n(l — o) molecules diffusely leaving the vane 
without any alteration of the incident velocity on both sides of the vane. 

(in) Momontum due to an molecules diffusely leaving either side with 
velocity C#. 

The effect of (m) is clearly zero Regarding (u) it can be shown by 
considering any single group of incident molecules that on leaving diffusely 
they impart a momentum perpendicular to the vane Further there is sym¬ 
metry about the ZX plane and therefore the net result is zero. 
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•. P, is 

•. Pt 


due to (0 only. 

a - 4 J* j* Q sin* « sin <f>dO d<ty me, sin 8 cos 4 due to the 

0mo <P~0 

4 octants on the X side of YZ plane 

+ 4 J" Q sin»0 sm 4> d0 d<ty (-me sin 8 cos <f>) due to 

*• 0 e-ri! 

the 4 octants on the X' side of the YZ plane 

l-f sin ^ cos <j>d$ + c J* sin ^ cos 


We have j) 1 - (2 - a) j 

P w 

If we suppose that a — l, then $ — 2 



The experimental values obtained so far for a range from 1 to about 2 4 
The above results suggest that we have here a new experimental method 
ol investigating the accommodation coefficient 


Summary and Conclusion 


Using a suspended vane between a hot and a cold surface, a study has 
been made or thermal repulsion under ideal * convection-free ’ conditions. 
The depcndance of the force on area, orientation and material of the vane, 
size of tho gap, the position of the vane relative to the gap as also the nature 
of the gas has been studied. An explanation of the observed effects has 
been offered It has also been shown that the variation of thermal repulsion 
when the vane is parallel and perpendicular respectively offers a new experi¬ 
mental method ol investigating the accommodation coefficient. 

In conclusion, the author desires to express his indebtedness to Dr. L. A. 
Ramdas lor suggesting the problem and for hu> interest in the work. The 
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mission to work in the Laboratory of the Meteorological Office at Poona. 
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of the Nowroji Wadia College, Poona, tor the loan of a megavac pump 
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] Introduction 

The determination of the elastic constants of isotropic substances by 
dynamical methods has been the subject of investigation by several workers. 
In most of such methods, the material was used in the form of a rod and 
ultrasonic waves were transmitted through it by attaching a piezoelectric 
quartz to one of the ends. Rohrich 1 made a complete determination of the 
velocity of ultrasonic waves in steel, brass, copper, aluminium and glass. 
His experiments were continued by Schoeneck 1 who investigated the elastic 
longitudinal vibrations m single crystals. 

More exact determinations of the elastic constants of transparent bodies 
were earned out by Sch»fer and BeTgmann.* In this method, both longi¬ 
tudinal and shear waves are excited and the corresponding diffraction patterns 
observed The method has been extended also to opaque substances. 

It was recently observed 4 in this laboratory that characteristic thickness 
shear modes could also be transmitted through the crystal plates and com¬ 
municated to liquids in the form of consequential longitudinal strains This 
has suggested the possibility of exciting shear modes in thin plates of isotropic 
substances as well and detecting them by optical methods if they could simi¬ 
larly be communicated to a liquid 

2 Experimental Method an*> Observations 
Using a tourmaline wedge with a frequency range of 3 to 16 megacycles 
per second, the characteristic transmission frequencies of several plates of 
glass, steel, brass and platinum have been studied by the method of ultrasonic 
diffraction, the details of which have been described m earlier papers. 1 
Plates of different sizes and of the same thickness have been examined in 
each case with a view to see if the size has any effect on the intensity of the 
shear modes In order to avoid errors due to the mounting, the wedge is 
chosen to be a size smaller than the smallest of the specimens used. Both the 
longitudinal and shear fundamental frequencies could easily be detected and 
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measured in transmission if the plates chosen are sufficiently thin and small. 
The elastic constants Cu and C'« 4 are then evaluated Using the well-known 
relations of transformation, the Young’s modulus y and the rigidity modulus 
n may be obtained for each material In the case of glass the values thus 
obtained are compared with the values obtained by separate static experi¬ 
ments on the same specimen m this laboratory. Comparison for the rest 
is effected by taking the values from standard tables. It may bo noted here 
that practically all the substances showed an increase in intensity of shear 
modes with smaller areas of the specimen plates This supports our view 
that shear modes are communicated as corresponding longitudinal strains 
to the adjoining liquid due to a coupling effect arising in these cases from the 
finite size of tho plates The shear modes are comparatively weak in soft 
metals like brass whereas they are very bright in glass and steel, sometimes 
being equal in intensity to the longitudinal ones. The fundamental frequencies 
of the longitudinal and shear modes and the calculated values of Qi and 
C 44 are given in Table I for different materials. 


Table I 


Material 

Thickness 

Fundamental 

longitudinal 
mode Mega 
tytlea per 
second 

Fundamental \ 
freqnency of 
toralon mode 
Megacycle* 
per second 

Density 

c u x io- ] » 

dynes/cro. 8 

C i4 X 10- 1 ® 
dynes/cm-* 

Glass 

0-93 

3 22 

1 40 

28-02 

93 2 

17*6 


0 64 

4 80 

2 60 

7 602 

287-0 

84*0 


0 68 

4 20 

1*746 

8 66 

203-0 

36-0 

Platinum 

#>16 

It "80 

6 386 

20-99 

380-2 

61 *1 


The values of y and n deduced from the above data along with the experi¬ 
mental static values of glass and the standard values taken from tables in 
the other cases are given in Table II 


Table II 



The mut is 10“ dynoa pet cm. 8 
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3 Discussion 

The smallest size of the plate used in the above investigation is 6 mm. 
square. The method is simple and sufficiently accurate, being particularly 
suitable for substances available only as small bits The possibility of in¬ 
vestigating the elastic properties of precious metals, alloys and other such 
materials under varying physical conditions is obvious. The exact mechanism 
by which the shear mode in the plate is communicated as a longitudinal wave 
to the liquid medium is of theoretical interest and requires lo be further 
investigated Examination of plates of different sizes has shown that edge 
coupling of the plates is probably the cause 

4. Summary 

A new method of determining the Young’s modulus and the rigidity 
modulus of isotropic materials using ultrasonic frequencies has been de¬ 
scribed. Results obtained with glass, steel, brass and platinum by such a 
method compare well with the standard values Only a small plate of about 
6 mm. square of the material is all that is required and hence the method is 
capable of being utilized under varying physical conditions in respect of 
rare and precious specimens 

5 References 

* 1. Rohrich, K. Ztih /. Physik , 1934. 73. 11-12,113-32. 

2. Schoeneck, H Ibid, 1934, 92, 190 

3 Schmfer, Cl, and 

L Bergmann Sttt-Btr-BerHner Akad , p 155, 1934 

Naturwhi . 1934, 22, 685 

4. Bhagavantam, S . and 

Bhlmawnacbar, ). Nature, 1945, 156, July 1 

5< - Proc tmt . Acad. Scl„ (A), 1944. 20, 298, 



OPTICAL ACTIVITY IN CRYSTALS: APPLICATION 
OF GROUP THEORY 

By D Suryanarayana 

[Andhra Valrtrtlty, Gwtfur) 

Received April 2, 1946 

(Commuwcated by ProfS. Bhagovantam, rase) 

1 Introduction 

A phenomenological description of all physical properties of crystals which 
can be represented by a tensor can be given by sitnple group theoretical 
methods. The number of independent constants needed to describe the 
photo-clastic, elastic and optical properties of each of the 32 crystal classes 
was thus derived by Bhagavantam (1942) Piezo-electncity was similarly 
dealt with by Bishambhar Dayal Saksena (1944). The author (1945) has 
independently extended the method to the cases of piezo-clectricity and 
eloctro-optical Kerr effect. In this note, the case of optical activity is doait 
with 

2 Optical Activity 

The scalar parameter g which represents the optical activity or rotation 
per unit thickness of the crystal in the direction /, m, n, is given by 

g ^ gn I* + Stifn* + gntt* + 2 g„ mn + 2 g n nl + 2 htt, 
where g, k (i, k « 1. 2, 3) are the components of the gyration tent or which is 
known to be symmetric These six components which describe the optical 
activity in the most general case of a tnchmc crystal, reduce to a smaller 
number as other symmetry elements aro introduced. It is an experimental 
fact that the rotation of plane of polarization is independent of the sense 
of travel, but the rotation of plane of polarization changes sign by the appli¬ 
cation of a symmetry operation involvings reflection and remains unchanged 
by a mere rotation about any axis In order, therefore, to find the number of 
independent constants required to specify the gyration tensor, we should 
find the number of independent and orthogonal linear combinations of g,j’s 
which will transform under each symmetry operation characteristic of the 
crystal class so as to remain invariant if the symmetry operation is a pure 
rotation and change sign if the symmetry operation is a rotation-reflection. 
The character appropriate to the gyration tensor is the same as that used in 
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earlier references in respect of symmetric tensors of second order and is 
4 costy ± 2 cos <£. By applying the well-known theorem for finding the 
number of combinations that will occur under the appropriate irreducible 
representation, we obtain 

where X,' (R) - 4 cos* <f> ± 2 cos ^ and x. (R) *= ± 1- 

according as R is a pure rotation or a rotation-reflection The summation 
extends over all the symmetry elements characteristic of the crystal class under 
investigation 

3 Results and Discussion 

Applying the above formula, it can immediately be seen that the 11 
classes with a centre of symmetry (Q, C*,. D M , C**, D^, S», D*/, C«, D**, 
T*, O*) exhibit no optica! activity Of the remaining 21 classes, six more 
(Cfc, Cfc,, Cu> D«, Cj,,, Tlj) do not show optical activity and the others have 
constants ranging from six to one The actual numbers are given below 
and m all cases, they agree with the numbers derived directly (Szivessy, 1928, 
Wooster, 1938) 

C, 6 

C, 4 

D, 3 

C„ C„ S 4 , D 4 , C„ D», C 4 , D, 2 

C fc , D*, T, O 1 

It is with great pleasure that the author offers his grateful thanks to 
Prof S. Bhagavantam for his kind encouragement 

4 Summary 


The group theoretical method given by Bhagavantam has been extended 
to derive the number of independent constants needed to describe optical 
activity in the 32 crystal classes 
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(Communicated by Dr Satya Prakuih, d.k . e * sc ) 

The study of the cupric-ammmcs has attracted the attention of a large number 
of workers, who have prepared and studied these compounds by various 
means. The existence of di-, tetra-, and penta-ammmo compounds are 
well established In a recent communication Bhattacharya and Dey 1 have 
reported the existence of cupric hexammmo-sulphate as well in ammoniacal 
solutions of copper sulphate and attempts for its isolation are being made 
When an aqueous solution of ammonium hydroxide is added to a solu¬ 
tion of cupric sulphate, cupric hydroxide precipitates first, which dissolves 
in excess of ammonia giving a deep blue liquid called eau celeste Numerous 
studies have been made on this liquid Immerwahr* has suggested that in 
solution the Cu • ions get replaced by more complex cupnc-ammino 
Cu (NH,V ions Reychler* from freezing point measurements found that 
the complex ions behave more or less in the same way as the Cu • • ions. 
Konowaloff,* Gaus,* and Locke and Forssall* by absorption and vapour 
pressure experiments found the compound to be Cu(NHi) 4 SO« Dawson 
and McCrae 7 determined the distribution ratio between water and chloroform 
and found the Cu NH, ratio to be 1 • 4 Horn* supported the existence 
of the tetra-ammino compound and said that the Cu NH* ratio could never 
be greater than 1: 4 This result is, however, definitely contradicted by the 
existence of the now well-known pentammino compound and of the hex- 
ammino compound as found by Dey and Bhattacharya In addition to the 
aforesaid workers. Blanchard* studied the blue liquid from viscosity data 
and Bouzat 10 from thermal data and obtained the evidence of the existence 
of cupric tetrammino sulphate in the solution. Moro recently Job 11 by 
absorption spectra studies determined the composition and found that it 
corresponded to that of the tetrammino compound Glasstone 1 * by electro¬ 
metric titration of copper sulphate with aqueous ammonia obtained evidence 
of the presence of Cu (NH,), • ions, Bhatnagar, Goyle and Prasad 1 * how¬ 
ever say that the blue colour of the cuprammino complex is due to copper- 
hydroxide m colloidal form. 
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Quite a number of methods are known for the isolation of the ammino- 
complexes from aqueous solution. Berzelius 1 * recommendod the addition 
of alcohol to an ammoniacal solution of copper sulphate when the com¬ 
pound separates out in pulverulent crystals. Bouzat 15 cooled a hot concen¬ 
trated solution of the salt and quickly dried the crystals between filter-papers. 
Andre 1 * prepared the salt by passing ammonia gas into a solution of copper 
sulphate. Horn and Taylor 11 and Dawson (toe. cit.) recommended this 
process. Pickering 1 * obtained the compound by adding aqueous ammonia to 
an almost saturated solution of cupric sulphate until the precipitate of cupric 
hydroxide just redissolved and allowing the solution to stand for some time 

The process of preparation in this study was that described by King 14 
The compound precipitated by alcohol was decomposed by caustic soda 
solution and the precipitated copper oxide filtered And estimated. The 
expelled ammonia was passed into a standard acid solution and ammonia 
thus estimated The Cu: NH, ratio was found to be 1 • 5 thus suggesting the 
formula of the compound to be Cu (NH*)sS0 4 , and not Cu (NH*)«S0 4 as 
reported by previous workers. 

Experimental 

10 Grams of finely powdered pentahydrated cupric sulphate (AR. 
quality) was dissolved in a mixture of lOc.c water and 15 c.c Merck’s 
ammonia solution (sp gr 0 888) To this well stirred blue solution were 
added 15 cc of alcohol from a dropping funnel The ammmo compound 
separated out as a dark blue crystalline meal. This was filtered in a 
Buchner’s funnel, washed thoroughly with alcohol and kept in a desiccator 
over lime 

The ammonia present m the solid was determined by the Kjeldahl’s 
distillation method and the copper was determined gravimetncalJy as copper 
oxide The following analytical values for the ratio of copper to ammonia 
were obtained: 
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On estimation of sulphate, the ratio Cu SO t was iound to be 1 1; 
water of crystallisation was found to be absent. It is evident that the coni" 
pound obtained by us has the formula Cu (NH J ) l S0 4 

Tho pentamnuno compound as prepared by us smells of ammonia even 
at ordinary temperatures and it is evident that it slowly decomposes The 
surface layer of the salt gradually changes to bluish white even when the 
salt is preserved in a desiccator over lime The salt dissolves in water giving 
a deep blue solution, but hydrolyses on further addition of water and gives a 
precipitate of hydroxide When the deep blue solution is heated there is a 
brisk evolution of ammonia and a black deposit of cupric oxide is formed 


Summary and Conclusion 
The compound precipitated by the addition of alcohol to an ammo- 
macal solution of cupric sulphate was known to be cupric letrammino sul¬ 
phate. In this study this compound has been analysed and has been shown 
to be Cu (NH^,S0 4 
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Of the possible flavones with the 5 6 7-arrangcment of hydroxyls m the 
benzopyrone part only two are so far known to occur in nature either free 
or combined. They are baicalein and scutellarein The latter was the first 
to be discovered and studied It was isolated by Molisch and Goldschmiedt 1 
from the leaves and flowers of Scutellaria altisjima, it has also been found 
m the leaves and flowers of S baicalensis Its constitution was investigated 
by Goldschmiedt and Zeraer* who concluded that it should be either 
5:6:7:4'-(i) or 5 7 8.4'-tetrahydroxy flavone (II) This was confirmed 
by the synthesis of Bargellmi 3 who submitted pentamethoxy-dibenzoyl- 
methane (III) to the action of hydnodic acid The reaction could proceed 
in two ways, but actually scutellarein alone was obtained This synthesis, 
however, did not enable the choice to be made between the two alternatives 



OH 


The tnhydroxy flavone, baicalein was obtained from the roots of 
S. baicalensis by Shibata, Iwata and Nakamura 1 and it has also been found 
to be present in the root and stem barks of Oroxylum indicum 4 It re¬ 
sembles scutellarein closely in its properties The substance had already 
been synthesised by Bargel!im‘ following the method adopted by him for 
scutellarein. Of the two possible isomers only one was again obtained 
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and that was given the 5 6. 7-constitution The main point mentioned m 
favour of this was that the product was not identical with hydroxy-chrysin 
obtained by Nicrenstem* by the oxidation of chrysin and considered by him 
to be 5: 7 • 8-trihydroxy flavonc Since Nierenstein’s claim was later shown 
to bo Wrong, this support lost its significance Hatton 7 who later repeated 
the above synthesis of Bargellim was not able to confirm the older observa¬ 
tions regarding the exclusive formation ot scutdlarcin from the diketone 
(III). Similar results weic obtained by him even with regard to the baicalein 
synthesis Conscqucndy the previous synthetic support tor the constitution 
of these compounds could not be consideted definite 

Wesscly and Moser 8 attempted to supply more definite evidence for the 
constitution of scutcllarcin by the synthesis of 5 7 8 • 4'-tctrahydroxy 
flavone in an unambiguous manner. Foi this purpose 2.4-dihydroxy- 
3.6-dimethoxy acetophenone (IV) Was heated with the anhydride and 
sodium salt of anisic acid according to the method of Allan and Robinson 
The product was, however, found to be a dimethyl ether of scutellareiu (V) 
and this extraordinary result was attributed to initial dcmcthylation m the 
ortho-position of the ketomc group and subsequent ring closure favouring 
the 5.6- 7-arrangement Thus even in this method complications were 
found to exist In one of the large number of experiments, however, such 
demethylation did not occur and the normal condensation product, 7- 
hydroxy-5.8 • 4'-tnmethoxy flavone (VI) was produced 



An unequivocal proof for the constitution of scutellarcin was provided 
by Robinson and Schwarzenbach* who synthesised its teliamethy! ether by 
a novel method in which the 4-ammodenvative of the corresponding flavylium 
salt was an intermediate This method, however, involves the preparation of 
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aroyl-pyruvamides which are not easily accessible and hence has not been 
generally employed for the synthesis of flavones 

In view of tile position reviewed above, a simple and at the same time 
unambiguous method of synthesis of the 5: 6: 7-hydroxyflavones seemed to 
be needed One such method which will also be useful for the study of the 
partial methyl ethers of bdiealcin and scutcllarcin has now been worked out 
The required ortho-hydroxy ketone has been prepared by an unambiguous 
method and converted into the flavones by adopting the Baker-Venkata- 
raman“ procedure which is free from complications. The constitution of 
the products are therefore free from doubt and the work reported in this 
paper therefoie provides unequivocal confirmation of the constitutions of 
baicalem and scutellarein 

2-Hydroxy-4 5 • 6-tnmethoxyacetophcnone (IX) has now been prepared 
starting from phloroacctophenone and passing through the stages indicated 
below Phloioacctophenone is subjected to partial methylation using the 
requisite amounts of dimethyl sulphate and potassium carbonate The 
4:6-dimethy 1 ethei (VII) is obtained in good yield. This compound was 
originally made by Kostanccki and Tambor 11 by the partial dcmethylation of 
phloroacctophenone tnmethyl ether and was subsequently obtained by 
Canter, Curd and Robertson 11 along With the p-hydroxy isomer by the Hoesch 
condensation of phloroglucinol dimethyl ether with acetonitrile 



OCH, 

(IX) 


Phloroacetophenone-dimethy 1 ether (VII) undergoes smooth oxidation 
with potassium persulphate in alkaline solution to give the 2:5-dihydroxy 
compound (VITI) in good yield. The constitution of this ketone is arrived 
at not only from analogy with a large number of similar cases 1 *, but is sup* 
ported by its reactions. This compound was obtained earlier by Mauthner u 
starting from pyrogallol trimethyl ether and proceeding as indicated below: 
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OAc OH 

(VIII) 


The new method of preparation seems to be definitely better The 
final stage is partial methylation converting the dihydroxy ketone (VIII) 
into (IJQ- 1 * Its benzoyl and amsoyl derivatives (X) undergo rearrangement 
into the ortho-hydroxy diketones (XI) m the presence of sodamide in toluene 
solution and ring closure to the flavones (XII) is effected by heating with 
glacial acetic acid and sodium acetate. Demethylation with boiling hydriodic 
acid yields bakalem and scutellarein (XIII) 



ScntoHurelo R - <>H 


The hydroxy compounds and the methyl ethers have all the properties 
recorded for baicalem, scutellarein and their derivatives. The synthetic 
bakalem and its derivatives have been compered with samples obtained 
from Oroxylum imttcvm and found to be identical The following importanj 



266 V. D. Nageswara Saatri and T. R. Seshadri 

points may be noted. Neither the hydroxy flavone nor their methyl ethers 
develop any fluorescence m alcoholic or concentrated sulphuric acid solution 
The two hydroxy compounds resemble each other in theiT reaction with 
alcoholic feme chloride, lead acetate and sodium amalgam and differ in their 
behaviour with sodium hydroxide. While baicalein yields rapidly bluish- 
green flocks on the addition of aqueous alkali, scutellarein dissolves to give 
a greenish yellow solution which rapidly turns deep green. 

Experimental 

2 -Hydroxy-4 6-dimethoxyacetophenone (VII).—Phloracetophenonc (4 2 
g) dried m an air-oven at 120°, was dissolved in dry acetone (15 cc.), to 
the clear solution was added dry benzene (75 c c), freshly ignited potassium 
carbonate (15 g) and dimethyl sulphate (6-5g., 2 2mols) and the mixture 
refluxed on the water-bath for 12 hours with occasional shaking The in¬ 
organic salts Were then filtered and washed with hot benzene The filtrate 
was washed twice with water, (20cc ) each time, and then extracted with $% 
aqueous sodium hydroxide four times. The united alkaline extract was 
poured into ice-cold dilute hydrochloric acid when 2-hydroxy-4 6-dimethoxy 
acetophenone was precipitated as a practically colourless crystalline mass 
It was filtered and thoroughly macerated with 5% aqueous sodium carbonate 
to remove any monomethyl ether that might have been formed, and again 
filtered and washed well with water (The filtrate did not yield any crystalline 
solid on acidification) Yield, 3-2 g On crystallisation from dilute alcohol 
it was obtained as colourless irregular prisms melting at 82-83° (Canter, 
Curd and Robertson 10 give m.p 81-82°) It dissolved in aqueous alkali to 
an yellow solution and gave a brownish-red ferric reaction in alcoholic 
solution 

The substance (0 5g) was acetylated by heating with acetic anhydride 
(5cc) and freshly fused sodium acetate (1 0g) on the boding water-bath 
for two hours The acetyl derivative crystallised from ethyl acetate as stout 
lhombic prisms 3nd melted at 106-107° (Canter, Curd and Robertson 1 * give 
mp 106-7°) 

2. 5-Dihydroxy-4 6-dimethoxy-acetophenone (VIII) —2-Hydroxy-4 6-di- 
methoxy-acetophenone (15 g) was dissolved m aqueous sodium hydroxide 
(20 g in 200 c c of water), the solution cooled to a temperature of 15-20° 
and kept continuously stirred. A solution of potassium persulphate (22 g.; 
1-1 mol.) in water (300 c.c.) was then introduced dropwisc during the course 
of 4 hours, the temperature being maintained at 15-20° throughout the 
reaction. After allowing to stand for 24 hours, the dgrk reddish-brown 
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reaction mixture was rendered distinctly acid to litmus by the addition of con¬ 
centrated hydrochloric acid The unreacted original ketone which was pre¬ 
cipitated as a dark brown crystalline solid, was filtered and washed with a 
small quantity of water. The clear aqueous filtrate was treated with sodium 
sulphite (5g) and animal charcoal (3 g) and again filtered after stirring well 
for about 5-10 minutes. Concentrated hydrochloric acid (150 c.c) Was 
then added and the solution heated on the boiling water-bath for $ hour. 
On cooling it rapidly deposited a brownish yellow crystalline mass which 
was collected, and washed With water Yield, 5g The filtrate was twice 
extracted with ether and the solvent distilled when a further quantity (lg.) 
of the dihydroxy-compound was obtained If the solution should be heated 
on the water-bath for a longer duration (1 hour) for the hydrolysis, the pro¬ 
duct obtained was very deep brown in colour and was difficult to purify. 
When twice crystallised from aqueous alcohol using animal charcoal the 
substance was obtained as stout yellow rhombic prisms melting at 164-65° 
(Mauthner 14 gives m.p 162-63°) It was moderately soluble in hot water, 
more so in alcohol and acetone, but sparingly soluble in light petroleum 
Its solution in aqueous sodium hydroxide was bright yellow and turned 
deep reddish-brown on keeping. In alcoholic solution the substance gave 
a transient green colouration With ferric chloride which rapidly became reddish- 
brown either on keeping or on the addition of a slight excess of the reagent. 
No precipitate was obtained with lead acetate in alcoholic solution. (Found: 
c, 56-8; H, 5 4, C 1# H„O g requires C, 56 6; H, 5 7% ) 

2• S-Dibenzoyloxy-4 ■ b-dimethoxy acetophenone —Dry pyridine (8cc) 
and benzoyl chloride (l-5g) were added to the above p-dihydroxy aceto¬ 
phenone (1 Og) and the mixture heated on the boiling water-bath for 20 
minutes. It Was added to ice-cold Water containing a few c c of hydro¬ 
chloric acid and the precipitated brown solid collected, washed with water 
and crystallised twice from alcohol in which it was moderately soluble The 
dibenzoate was thus obtained as colourless thick aggregates of micaceous 
plates and it melted at 153-54°. The substance did not dissolve in cold 
aqueous alkali and gave no colour with feme chlonde in alcoholic solution 
(Found: C. 68-4, H, 5 1; C^H^O, requires C, 68 6; H, 4 8%) 

2-HydroxyA: 5 : 6-trimethoxy acetophenone (IX).—The 2 ■ 5-dihydroxy- 
compound (2 g ) was dissolved in a mixture of dry acetone (10 c c ) and dry 
benzene (75 c.c.) and to this solution were added acid-free dimethyl sulphate 
(lc.c.; Mmol) and freshly ignited potassium carbonate (6g.). The 
mature was heated under reflux for 12 hours, the inorganic salts filtered and 
trashed ynth a small quantity of hot benzene The benzene filtrate was 
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washed with S% aqueous sodium carbonate in order to remove any un¬ 
methylated dihydroxy-compound and then extracted with 10% aqueous 
sodium hydroxide. The united alkaline extracts were acidified With ice- 
cold (1:1) hydrochloric acid when the partially methylated ether was ob¬ 
tained as a reddish-brown oil. It was taken in ether, the ether solution dried 
over sodium sulphate and the solvent distilled The residue was then 
treated with light petroleum (b p 40-60°) when the last traces of unchanged 
dihydroxy compound were precipitated After allowing to stand for an 
hour, the petroleum ether solution was carefully decanted and the solvent 
was distilled off; 2-hydroxy-4: 5 ■ 6*tnmethoxy acetophenone was left behind 
as an yellow oil Yield, 1 -5 g It dissolved in aqueous sodium hydroxide 
to an yellow solution and gave a deep violet brown colour with ferric chloride 
in alcoholic solution (cf Baker 1 *) 

1- Bemnyloxy-A 5 6 -trimethoxy acetophenone (X, R — H) —The above 
compound (2g) was dissolved in diy pyridine (10cc) and treated with 
benzoyl chloride (1 See) After shaking well for five minutes, the mixture 
was heated on the water-bath for i hour and then added to ice-water con¬ 
taining hydrochloric acid. The benzoyl derivative which separated as an 
oil was taken in ether, the ether solution washed successively with dilute 
hydrochloric acid, and aqueous sodium hydroxide After a final washing 
with water, the solution was dried over calcium chlonde and the solvent 
distilled The solid product was crystallised first from alcohol, then from 
benzene and finally from benzene-alcohol mixture The benzoyl derivative 
was thus obtained as broad rectangular plates and pnsms and melted at 
87-88°. Yield, 2g The substance gave no ferric reaction and did not 
dissolve in cold aqueous alkali (Found: C, 65 6, H, 5 8, C^H^O, 
requires C, 65 5, H, 5 5%) 

2- Hydroxy-A : 3 6-trlmethoxydibemoylmethane {XI. R = W)—To a solu¬ 
tion of the above benzoyl derivative (2 g.) in dry toluene (30 c c 1 was added 
8odanudc (8 g ) Which had been finely powdered under toluene. The mixture 
was well stirred for 10 minutes and then heated on the boiling water-bath 
for 4 hours with frequent shaking. The yellow solid product was filtered, 
washed well with hot benzene, dried and carefully added to ice-cold water. 
The resulting yellow solution was filtered and saturated with carbon 
dioxsde The dibenzoylmethane separated as a deep orange-red oil which 
turned into a deep-yellow solid when left in the refrigerator for two days. 
It was collected, washed with water, dried and crystallised from benzene, 
light petroleum mixture, Yield, 1 2 g. After a second crystallisation 
from the same solvent the dijeetone was obtained as golden yellow rectangular 
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plates and prisms and melted at 99-100°. It was easily soluble in alcohol, 
acetone and benzene and dissolved in aqueous sodium hydroxide to a bright 
yellow solution. Its alcoholic solution gave a deep brownish-green colour 
with feme chloride. (Found: C, 65 3; H, 5 8, C,,H„0, requires C, 
65 5; H, 5-5%) 

5 • 6 • 1-Trknethoxy-flavane (Baualetn trlmethyl ether, XII, R ^ H).-~ 
The dibenzoylmethane (1 g) was dissolved in glacial acetic acid (10 c c.) 
and to the solution was added fused sodium acetate (2 g). The mixture 
was gently boiled over a wire-gauze for 4 hours and then diluted with water 
(100 c c) When allowed to stand for two or three hours, the solution de¬ 
posited a practically colourless crystalline solid which was collected, washed, 
and crystallised from aqueous alcohol Yield, 0 6 g On recrystallisation 
from dilute alcohol the tnmethoxyflavone was obtained as colourless elonga¬ 
ted rectangular prisms (mostly rods) and melted at 165-66° (Hatton 1 # 
gives m.p. 163-64°) It was insoluble in aqueous sodium hydroxide and 
gave no colour with feme chloride. Its solution in concentrated sulphuric 
acid was yellow without any fluorescence in daylight. With magnesium 
and concentrated hydrochloric acid its alcoholic solution developed an 
oTange-yellow colour. (Found C, 69 1; H, 4-9, C,,H„0, requires C 
69 2, H, 5 1%) 

5:6 7- Trihydroxy-flavone (Baicalem , XIII. R «= H )'The foregoing 
methoxy flavone (0 3g.) was dissolved in acetic anhydride (5c.c.) and 
cautiously treated with hydriodic acid (d. 1 • 7; 5 c c.) and the mixture heated 
at 135-40° for two hours (oil-bath). On pouring the cooled reaction mixture 
into water saturated with sulphur dioxide, the trihydroxy flavone separated 
as an yellow solid, which was collected, boiled with water and crystallised 
twice from alcohol. It formed yellow coloured narrow rectangular plates 
and melted at 264-65° (Shibata, Iwata and Nakamura 4 give m.p. 264-65°), 

The trihydroxy flavone was moderately soluble in alcohol, more so in 
acetone and glacial acetic acid, but sparingly soluble in petroleum ether. 
Its solution in concentrated sulphuric acid was deep yellow and exhibited 
no fluorescence. In alcoholic solution it gave an orange-yellow precipitate 
with lead acetate, and a brown colour with a tinge of green with ferric 
chloride. When added to aqueous ammonia, the crystals developed an 
orange-red colour and dissolved to give a bright-yellow solutioa. The 
flavone dissolved with difficulty m aqueous sodium carbonate to a greenish- 
yellow solution whioh gave a dark greenish-brown precipitate on keeping. 
In 10% aqueous sodium hydroxide the crystals turned deep red in colour 
ftnd subsequently changed into greenish-brown flocks. When treated with 
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sodium amalgam m absolute alcohol, it immediately gave green flocks 
(Bargellmi’s test). (Found: C, 66 6, H, 4 0; ChH^O, requires C, 66-7; 
H, 3-7%.) 

Baicalein triacetate.— The triacetate was prepared by treating the 
flavone (01 g.) with acetic anhydride (Sc.c) and fused sodium acetate (1 g ) 
and boiling the mixture for two hours When crystallised twice from ethyl 
acetate, it was obtained as short, colourless rectangular rods and it melted 
at 194-95° with slight sintering at 190°(Shibata, Iwata and Nakamura* give 
m.p. 191-92°). 

2 - Anisoyloxy - 4 • 5 • 6 - trimethoxyacetophenone (X, R = OC/f*).—2- 
Hydroxy-4-5:6-tnmethoxyacetophenone (IX) (2g) was amsoylated by 
heating with anisoyl chloride (2 c.c) and dry pyndine (10 c c), for j hour on 
the boiling water-bath and the product worked up as in the case of the 
benzoyl derivative. The colourless crystalline solid, obtained on removal 
of the ether, was crystallised from alcohol, benzene and finally from 
benzene-light petroleum mixture. The amsate was thus obtained as 
(colourless) stout prisms and it melted at 112-13° It did not dissolve in 
cold aqueous sodium hydroxide and gave no ferric reaction. (Found: 
C, 63-3; H. 5-2; C^HbO, requires C 63 3, H, 5 6%) 

2-HyfiroxyA * 5:6: 4‘-te/ramethoxydibenzoylmtthane (XI. R - OCH£ — 
A solution of the above O-anisoyl derivative (2g) m dry toluene (30c.c.l 
was treated with finely powdered sodamide (8 g 1 The mixture which rapidly 
turned yellow was heated on the boiling water-bath for 5 hours and tht 
yellow solid collected, washed with hot benzene, dried and added to ice- 
wat;r. The yellow solution was saturated with carbon dioxide and the 
dibenzoylmethane which first separated as an oil, solidified on leaving in the 
refrigerator for two days The solid was then collected, dried and crystallised 
from benzene-light petroleum mixture when it was obtained as bright yellow 
rectangular prisms melting at 114 15°. Yield, 1 2g. It was readily 
soluble in alcohol, acetone and benzene but less so in petroleum ether. It 
dissolved m aqueous alkali to give a bright yellow solution and gave an olive 
green colour with ferric chloride in alcoholic solution. (Found: C, 63-5; 
H. 5 9; Q'HjgOt requires C. 63 3: H, 5-6%.) 

5.6• 7• 4'-T*tramethoxy fla\one (Scuteltarein tetramethyl ether (XII, 
R**OCHJ~\ mixture of the above dibcnzoylmethare (lg), glacial 
acetic acid (lOcc.I and fused sodium acetate (2g) was gently boiled for 
4 hours and diluted with water (100 c.c.) The aqueous solution was 
extracted with ether and the ether solution carefully shaken with 5% aqueous 
sodiutn carbonate (o remove gcetic acid gnd (hen washed with water. Oq 
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distillating off the solvent, a colourless crystalline solid was obtained which 
was recrystallised from dilute alcohol. YieU, 0 - 8g It was readily soluble 
in the common organic solvents and on recrystallisation from aqueous 
alcohol, scutellarein tetramethylether was obtained as colourless stout 
cubical crystals and melted at 162-63° (Goldschmiedt and Zen-er* give 
m.p 158-60°). It was insoluble in aqueous alkali and gave no colour with 
ferric chloride in alcoholic solution. It dissolved m concentrated sulphuric 
acid to give an yellow solution which exhibited no fluorescence. (Found in a 
sample dried in vacuo at 130° for two hours; C, 66 8; H, 5 5, C^HuO* 
requires C. 66 7. H. 5-3%) 

5.6:7' A‘-Tetra-hydroxy flavone ( Scutellarein , XIII, R —The 

demethylation of the tetramethoxy flavone (0 2 g.) was effected by heating 
(oil-bath) at 135-40° with acetic anhydride (5cc) and hydnodic acid 
(</, 1 7; 5cc) The tetrahydroxy flavone was twice crystallised from 
alcohol when it was obtained a» short, yellow needles Yield, 0 15 g It 
turned brown at about 300° and did not melt down below 340° (Goldschmiedt 
and Zerner* found that it becomes dark at about 300° and does not melt or 
decompose below 330°). The substance dissolved in alcohol, acetone and 
ethyl acetate with difficulty but more readily in glacial acetic acid Its solu¬ 
tion m concentrated sulphuric acid was yellow without any fluorescence 
With lead acetate in alcoholic solution it gave an orange yellow precipitate 
and with feme chloride it developed a green colour which turned brown 
with a tinge of green The substance dissolved m ammonia to give a bright 
yellow solution which subsequntly turned orange-brown; in aqueous 
sodium carbonate u gave an yellow colour which rapidly turned green In 
aqueous sodium hydroxide it formed a deep greenish-yellow solution which 
immediately became pure green in colour, no precipitate was obtained even 
on keeping the solution for 24 hours When the substance was treated with 
sodium amalgam in absolute alcohol, there was an immediate formation of 
green flocks (Bargellim’s test) (Found- C. 63 0; H. 3 8, C„H„0, requires 
C.62-9; H. 3-5%) 

Scutellarein tetraacetate —The tetraacetate prepared by heating (oil- 
bathf the hydroxy flavone (0-1 g ) with acetic anhydride (5 c c) and fused 
sodium acetate (1 g) was crystallised iwice from acetic acid-alcohol mixture 
It was obtained as long fine needles and melted at 240-41° (Goldschmiedt 
and Zerner* give m p. 235-37°, Wessely and Moser* give m p 238°) 
Summary 

A simple and at the same time unambiguous method of synthesis of the 
5;6: 7-hydroxyflavones, baicalein and scutellarein and the** derivatives 4 



272 V. D. Nageswara Sastri and T • R. Seshadfo 


described. It start* from pbloracetophenone v-hwh is partially methylated 
to the 4.6-dimethy 1 ether. Oxidation of this ether with potassium per¬ 
sulphate yields the 2:5-dihydroxy compound which on partial methylation 
produces 2-hydroxy-4: 5.6-trimsthoxyacetophenone. Using the benzoyl iud 
anisoyl derivatives of this ketone and adopting the Baker-Venkataraman 
procedure, the tnmethyl ether of batcalein and the tetramethyl ether of 
scutellaretn have been prepared and from them the hydroxyflavones and 
their acetates. 
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SYNTHESIS OF 5: 6: 7-HYDROXYFLAVONES AND 
THEIR DERIVATIVES—PART II 

By V. D Nag£SWara Samri and T R. Si-ahadri 

(From the Department of Chemhtrv, Andhra University') 

Received February 26, 1946 

In continuation of the work described in Part I. 1 an attempt has been made 
to prepare partially methylated derivatives of baicalcm and scutcllarcin For 
this purpose 2: 5-dihydroxy-4: 6-dimethoxy acetophenone (I) is subjected to 
the Allan-Robmson condensation using the anhydride and sodium salt of 
(1) benzoic acid and of (2) anisic acid. In the first case the product is 5 7- 
dimethoxy-6-hydroxyflavone (II) On methylation it yields 5.6.7-tn- 
methoxy flavone, baicalcin-tnmcthyl ether, identical with the sample pre¬ 
pared by the Baker-Venkataraman method 1 Partial demethylation could 
be effected using aluminium chloride under mild conditions yielding 
7-tnethoxy-5.6-dthydroxyfla\ one (baicalein-7-methyl ether III) 
o 


(!) (It) (IID 

In its properties and reactions it is markedly differeni from oioxylin-A* 
which is considered to be the 6-methyl ether of baicalein The mixed melting 
point with a sample of the latter obtained from the root bark of Oroxyhon 
truHcum is depressed. The comparison is brought out in the following 
tabic. 


Appesrence 
M.p, of Hitt »ul*lanc« 

Alcoholic FeCI, 

A*. H«OH 

N» Am*l(&m 
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o 

ch.o-/YYO°ch» 

,,o W 


(IV) 


-"■YYyO”. 

hoY/\/ -COC ‘ ,I ‘ OCH * 


The condensation of the above dihydroxy ketone (I) with anisic an¬ 
hydride and sodium amsate gives rise to two products which could be sepa¬ 
rated by fractional crystallisation from alcohol The less soluble compo¬ 
nent i» a dimethyl ether whose colour reactions are very similar to those of 
the 7-methyl ether of baicalein. On methylation it yields the tetra-melhyl 
ether of scutellarein and hence it is considered to be the 7 4'-dimethyl ether 
of scutellarein (IV) Its formation should be due to partial demethylation 
taking place during the AIIan-Robmson condensation Such demethylation 
has been noted in many other similar cases 

The second product obtained in very poor yields resembles in its re¬ 
actions 5: 7-dimethoxy-6-hydroxyflavone (II), Its methyl ether is, however, 
different from scutellarein tetramethyl ether. Hence it is not 5 7.4’-tetra- 
mcthoxy-6-hydroxyflavone The analytical results agr;e with the require¬ 
ments for the 3-anisoyl derivative (V) 

The above mentioned 7 4'-limethyl ether of scutellarein is different m 
its properties from the isomeric 6.4'-dimethyl ether prepared by Wessely 
and Moser* and considered to be identical with the dimethyl ether occurring 
in the flowers of Unuria rulearls * The differences are shown below. 



7 4*—dimethyl ether of acotellereln 

# 4'-d!methyl ether 

Appearance 

Malting point 

Aq. NaOlI 

Pad, reaction 

Yellow rectangular plates 

111-If 

Slowly forms a greenish yellow 
solution sod a greenish brown 1 
precipitate Is deposited 

Stsble greee 

1 Fine yellow needles 
*01*. *19* 

1 Yellow solution 

| Park brown 


ExPBRtMENTAL 

5 • 7- Dlmethoxy-S-bydroxyfla vone (II) —2. 5-Dihydroxy-4: 6-dtaethoxy* 
acetophenone (1 g.). benzoic anhydride (5 g) and sodium benzoate (2 g) 
were intimately mixed and heated under diminished pressure at 180-85° 
(oil-bath) for 4 hours After cooling, the hard brown mass was broken up, 
alcohol (50cc) added and the mixture refluxed on the water-bath for 10 
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minutes. A solution of potassium hydroxide (4 g) m water (6 c c) was then 
gradually introduced during the course of 15 minutes and the refluxing 
continued for a further 20 minutes After distilling the alcohol under 
reduced pressure, the greemsh-brown residue was dissolved in water (100 c.c.) 
and the solution Altered to remove any insoluble matter. On saturating it 
with carbon dioxide, the crude flavone separated as a brown solid which was 
filtered and crystallised twice from alcohol (animal charcoal) Yield 0 2g 
By another crystallisation from the same solvent, the dimethoxyflavonc was 
obtained as pale yellow thick cubical crystals whereas it came down as line 
needles when quickly crystallised It melted at 212-13° and a fuither 
crystallisation did not raise the melting point. 

It was moderately soluble in alcohol and more easily in acetone 
and glacial acetic acid It dissolved m aqueous sodium hydroxide to give 
a bright a yellow solution In alcoholic solution it gave a weak brown 
colouration with ferric chloride and its solution in concentrated sulphuric 
acid was yellow without any fluorescence in daylight (Found 1 C, 68 6; 
H. 4-9; CpHuO, requires C, 68 5, H, 4 7%) 

The substance (0 1 g ) was acetylated by refluxing (oil-bath) with acetic 
anhydride (5 c c) and fused sodium acetate (1 g.) for 3 hours. The acetate 
was crystallised from dilute acetic acid when it was obtained as colourless 
stout plates melting at 218-19° It did not dissolve in cold aqueous alkali 
and gave no feme reaction (Found C, 66 9; H, 4 9; requires 

C, 671, H. 4 7%) 

5.6. 1-Trtmethoxyflavone (Baicaleui trimethyl ether) —The dimethoxy 
flavone (0-15g) waa methylated in dry acetone (25cc) using anhydrous 
potassium carbonate (2 g) and dimethyl sulphate (1 c.c) and boiling for 
12 hours The crude methyl ether separated as a practically colourless 
crystalline solid and it crystallised from dilute alcohol as colourless elongated 
rectangular prisms, melting at 165-66° It was identical with baicalein 
trimethyl ether already reported* and the mixed melting point was undepressed. 
(Found 1 C. 68-9; H, 5 4; CuHuO, requires C, 69 2 H, 51%.) 

l-Methoxy-S- O-dthydroxyflavone (1-O-methyl baicalein)—The partial 
dcmethylation of the above dimethyl ether (II) had to be effected under 
carefully controlled conditions Excess of aluminium chloride and high 
temperature resulted in the reaction going too far producing baicalein. 

To a solution of the dimetboxyflavone (0-25 g) in nitrobenzene (25 c.c.) 
was added finely powdered anhydrous aluminium chloride (0 5 g.) and the 
mixture kept at the laboratory temperature for 24 hours. On the addition of 
petroleum ether, a yellow solid was precipitated, which was collected and 
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washed with a further quantity of petroleum ether to remove adbenng nitro¬ 
benzene The solid was added to water (50cc) containing concentrated 
hydrochloric acid (2c.c) and glacial acetic acid (5c.c.) and the mixture 
heated on the boiling water-bath for 15 minutes The solution was then 
cooled and further diluted with water when the 7-methyl ether separated as 
an yellow crystalline solid It was filtered, washed and crystallised twice 
from alcohol. Yield 015g. On recrystallisation from absolute alcohol, 
it was obtained as thick rhombohedral prisms and melted at 219-20°. The 
melting point was depressed on admixture with an equal quantity of 
oroxylm-A The dihydroxyflavone was moderately soluble in alcohol and 
acetone, and gave a stable green colouration with ferric chloride in alcoholic 
solution With aqueous sodium hydroxide the crystals developed an orange- 
red colour and then changed into a dark greenish-brown precipitate On 
treatment with sodium amalgum m absolute alcohol (Bargelluu’a teat), the 
dihydroxyflavone gave an orange yellow solution which rapidly changed 
through green to blue m colour; a brown precipitate was obtained after 
some time With lead acetate in alcoholic solution it gave an orange yellow 
precipitate The yellow solution in concentrated sulphuric acid exhibited 
no fluorescence. (Found: C, 67-5; H, 4-4; OCH s , 10 3; C, c H||0 ( 
requires C, 67 6; H, 4 3, OCH s , 10 9 %) 

The dihydroxyflavone (0-1 g) was acetylated by refluxing (oil-bath) 
with acetic anhydride (5cc.) and sodium acetate (1 g.) for two hours The 
diocetate was crystallised twice from ethyl acetate when it was obtained as 
shining elongated hexagonal plates melting at 239-40° (Found: C, 65 1, 
H, 4 6; C w H,»Of requires C, 65 2, H, 4 3%) 

5: 6-Dihydroxy-l: A'-dlmeihoxyflavone (7.4' -O-dimethyl scutellarun) - ■ 
An intimate mixture of the dihydroxyacetophenone (I, 2 g.), anisic anhydride 
(12 g.) and sodium anisate (4g) was heated under diminished pressure at 
180-85° (oil-bath) for 6 hours The hydrolysis was effected by refluxing 
with alcohol (100c.c.) and a solution of potassium hydroxide (10 g.) in water 
(lOc.c.) and the product worked up in the usual manner. The crude pro¬ 
duct obtained on saturating the alkaline solution with carbon dioxide was 
filtered and washed with water. Yield, 0-25 g It gave two fractions on 
crystallisation from alcohol. When the hot alcoholic solution was cooled, 
a sparingly soluble yellow solid first separated. It was collected and 
crystallised twice from the same solvent when 5:6-dihydroxy-7:4'-dimethoxy- 
flavone was obtained as yellow rectangular plates, melting at 211-13® with 
sintering at 208°. Yield, 0-15 g Further crystallisation did not raise the 
melting point. The substance was moderately soluble in acetone but not so 
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readily in alcohol Its solution in concentrated sulphuric acid was yellow 
and exhibited no fluorescence. In alcoholic solution it gave a sUblc green 
colouration with feme chloride. When treated with dilute aqueous sodium 
hydroxide, the substance first became orange-red, then turned into greenish- 
blue flakes and dissolved to give a greenish-yellow solution; on allowing to 
stand, a greenish-brown precipitate was subsequently deposited. (Found: 
C, 65 0; H. 4-7; OCH a , 19 0, C,,H u O* requires C, 65 0, H, 4 5; OCH,, 
19-7%.) 

The dihydroxyflavone (0 1 g) was methylated using dry acetone (30 c c.), 
anhydrous potassium carbonate (lg) and acid-frcc dimethyl sulphate 
(0‘5c.c.) The methyl ether was crystallised from dilute alcohol when it 
was obtained as colourless stout cubical crystals melting at 161-62° and 
identical with scutellarein tetramethyl ether 

5.7: 4'-trimethoxy-&hydroxy-3-anisoyl-flavone — The alcoholic mother- 
liquor obtained after filtering off the above compound, was concentrated 
and allowed to cool A pale gieenish-yellow solid sepaiated which after 
two crystallisations from dilute alcohol came out as pale yellow narrow 
rectangular plates and melted at 224-26° Yield, 75 mg It dissolved in 
aqueous sodium hydroxide to give an yellow solution Its solution in 
alcohol gave a weak brown colouration with ferric chloride (Found: C, 
67-7; H, 4 9; OCH„ 26 4, C,,Ha,0, requires C. 67 5, H, 4 7; OCH t . 
26-8%) 

Summary 

Employing 2: 5-dihydroxy-4 6-dimeihoxyacetopbenone and the Allan- 
Robinson method, the 5: 7-dimethyl ether of baicalem is obtained and from 
it by partial demethylation the 7-methyl ether. This is definitely different 
from oroxybn-A, The use of anisic anhydride in the above condensation 
yields two products, (1) 7:4'-dimcthyl ether of scutellarein and (2) 5:7:4'- 
trimethyl ether of 3-anisoyl-scutellarein The former is different from the 
6~4'-diraethyl ether obtained from natural sources. 
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SYNTrtETICAL EXPERIMENTS IN THE 
CHROMONE GROUP 

Part XX. A New Synthesis of 5 6 DihydroxyfUvone 
By R N. Iyer and K. Vfnkataraman 

(From the Deparimrnt of Chemical Technology. University of Bombay ) 

Received April 2i. 1946 

EXAMINING the reactivity of natural colouring matters derived from phloro- 
glucinol towards diazo salts, A G Perkin' found that chrysin, apigenin, 
euxanthonc and catechin pave dim o dyes Mahal and one of us* have 
shown that 6-hydroxyflavonc (l) couples with diazotised p-nitranilme to 
form a mono-azo dye, formulated as (II) in view of the stabilisation of one 
of the Kekule forms of the benzene rmg in chromone due to fusion with the 
y-pyror.c ring, as indicated in (I) It was suggested*- * that a route to the 
synthesis of 5.6-dihydroxyflavone (III) thus becomes possible. We have 
now confirmed that 6-hydroxyflavone couples with diazo salts in the 5-posi- 
tion. and have synthesised 5: 6-dihydroxyfiavone by a method which pro¬ 
mises to be of value for the synthesis of other di- and polyhydroxyflavones 
and flavonols 
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Coupling diazobeflzene chloride with 6 -hydroxyflavone (I), dissolved 
in alcohol-pyridine with the addition of ammonia, a nearly quantitative 
yield of 5-ben 2 eneazo- 6 -hydroxyflavonc (IV) was obtained 6 -Hydroxy- 
flavone is sparingly soluble in aqueous caustic soda, and the sodium salt 
tend* to separate at the low temperature necessary for coupling, although 
diazotised p-nitramlinc on account of its greater coupling energy in com¬ 
parison with diazobenzene chloride couples readily with the fiavone even 
under these conditions. The dye (IV) was reduced to 5 -amino- 6 -hydroxy-. 
flavone (V) by means of zinc dust m boiling acetic acid. Other reagents for 
this reduction, as well as the hydrosulphite reduction of the alkali-soluble 
axo dye obtained by coupling diazotised sulphaniltc acid with 6 -hydroxy- 



(V) (VI) (VII) 

flavone, were tried, but various difficulties were encountered m the isolation 
of the ammohydroxyflavone; and the zinc-acetic acid procedure was found 
to be the most suitable 

When the amine (V) was dissolved in hydrochloric acid and treated 
with sodium nitrite, the brownish yellow product crystallised from alcohol 
in needles, which were insoluble in aqueous alkali, gave a yellow solution in 
concentrated sulphuric acid, gave no colouration with ferric chloride and 
decomposed on heating at about 173° From these reactions and the nitrogen 
content, the substance is regarded as the diazo oxide (VI).* Boiled with 50% 
sulphuric acid, the diazo oxide (VI) underwent hydrolysis, and gave a di- 
hydroxyflavone, which agreed in all its properties, including the m.p of the 
diacetyl derivative, with the 5:6- (III), and not with the 6 :7-isomer (VU) 

6 : 7 -Dihydroxyflavone (VH) has been synthesised by Chadha and one of 
us* by the Robinson reaction on 2 4:5-trihydroxyacetophenone; and 
5: 6 -dihydroxyflavone by Baker* by the action of sodamide 7 on 2-benzoyloxy- 
5 • 6 -dimeihoxyaoetophenonc, followed by cychcmtion and demethylation. 
Nakazawa* has synthesised 5: 6 -dihydroxyflavone by a route very similar 
to Baker’s; 2 -hydroxy- 6 -methoxyacetophenonc was oxidised to 2:5- 
dihydroxy- 6 -methoxyacetophenone, the dibenzoate of which was converted 
to the 0 -diketone by the sodamide method 7 ; cyclicisation and hydrolysis 
gave S-methoxy- 6 -hydroxyflavone, which was demethylated* by means of 
aluminium chloride in nitrobenzene to 5: 6 -dihydroxyflavone (III) 
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Experimental 

5 -Benzeneazeh 6 -hydroxyflavone (IV) —A solution of dtazobenzene chlo¬ 
ride. prepared from aniline (2 g.; 2 5 mol), concentrated hydrochloric acid 
(6cc). alcohol (30c.c) and sodium nitrite (1 8g. m 10 cc water), was 
gradually added at 0° to a solution of 6-hydroxyflavone (2 g ) in alcohol 
(50cc), pyridine (14c.c) and ammonia (d. 0-88, 2cc) During addition 
of the diazo solution and for six hours thereafter, the mixture Was mecha¬ 
nically stirred and maintained at 0*5° On leaving overnight, the dark red 
precipitate was collected, boiled with hot 50% hydrochloric acid for a few 
minutes, filtered, washed, and crystallised from alcohol. The dark red, 
elongated plates (2g) melted at 191-92® (Found: N, 8-4. C M Hi 4 0 1 N J 
requires N, 8 2%) 

5-Am!no-6-hydroxyfla vone (V) —5-Bcnzcnca ZO-6-hydroxyflavone (1 g) 
was dissolved in boiling acetic acid (30cc), and to the boiling solution zinc 
dust (2 g) was added in small lots and the reaction mixture refluxed for 20 
minutes The deep red solution became brown in colour. Zinc dust 
(0 5 g) was added, and the solution refluxed for 20 minutes longer The 
solution was filtered and the zinc dust extracted thrice with 5 c c portions 
of hot acetic acid The filtrate was cooled, diluted with water and allowed 
to stand m the refrigerator The yellowish brown precipitate was filtered, 
washed with water, sucked dry, and dissolved in hot alcohol (Norit) The 
filtered alcoholic solution was diluted with water and allowed to stand m the 
refrigerator. The orange-brown clusters of needles were collected and dried 
In vacuo. The substance (0 5g) melted at 235° after shrinking at 200° 
(Found: N. 5-7 Q.HjtOjN requires N, 5 5%) The brown alcoholic 
solution turns dark greenish brown on the addition of ferric chloride. The 
substance dissolves in caustic soda giving an orange brown colour It gives 
a pale brown colour with concentrated sulphuric acid. It gradually goes 
into a pale brown solution by boiling with N-hydrochlonc acid. 

Flavone-l-dia 2 o- 6 -oxide (VI).—5-Amino-6-hydroxyflavonc (0-5 g.) was 
boiled with N-hydrochlonc acid (20cc), till most of it went into solution. 
The solution was filtered, and the residue twice extracted with 20 c c. portions 
of the acid. A small amount of undissolved resinous matter was rejected. 
The combined hydrochloric acid extracts were cooled to room temperature 
and sodium nitrite (2 g) was added in small lots, the reaction flask being 
rotated during addition On leaving the reaction mixture in the refrigerator 
for 30 minutes, the yellowish brown precipitate was filtered, washed with 
water and dried. There was no appreciable change in the yield by carrying 
out the sodium nitrite addition at 10° or 50°. Crystallised from alcohol, 
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glistening brown needles were obtained, which decomposed at 173°. (Found: 
C, 68 2; H. 3-1; N, 10 4. CuH.O.Nt requires C, 68-2; H. 3-0; N. 
10*6%.) The substance does not respond to Lassaigne’s sodium fusion test 
for nitrogen. It is insoluble in aqueous caustic soda, and dissolves in con- 
centrated sulphuric acid with a yellow colour. The alcoholic solution gives 
no colouration with ferric chloride The method of preparation, the colour 
of the substance, its instability to heat and other properties are characteristic 
of the diazo oxides 4 

5:6- Dihydroxyflavones (III).—To a boiling mixture of concentrated 
sulphuric acid (lOcc) and water (lOc.c) the flavonc diazo oxide (VI) 
(0 1 g) was added in small lots It immediately went into solution with 
frothing, a reddish brown solution being formed Boibng was continued 
for five more minutes, the solution allowed to cool, and diluted with water 
On letting stand in the refrigerator, the yellowish brown precipitate was 
filtered, washed free from acid, and twice crystallised from dilute alcohol. 
The honey-yellow needles (0 03g) melted at 189-90° (Found: C, 70-9; 
H, 4-3 C u H J0 O, requires C, 70 8; H, 3 9%) The alcoholic solution of 
the substance gives an intense olive green colour with ferric chlonde; an 
orange red precipitate with lead acetate m alcohol; and a red insoluble 
sodium salt when aqueous sodium hydroxide is added The yellow solution 
in concentrated sulphuric acid exhibits no fluorescence 

5 : 6 -Diaceioxyflavone —5.6-Dihydroxyflavone (0 05 g ) was dissolved in 
acetic anhydride (2cc) and fused sodium acetate (0-5g) added. The 
mixture was refluxed for 2 hours, poured over crushed ice, the greyish brown 
solid collected, washed with water and crystallised from alcohol (Norit) 
The pale yellow prisms melted at 164-65° (Found 1 C, 67 8; H, 4-3. 
Ci»HhO, requires C, 67 4; H, 4 2%) 

While the properties of our dihydroxyflavonc agree with those recorded 
for 5:6-dihydroxyfla\one, the following table gives a comparison of the pro¬ 
perties of 5:6-dihydroxyflavone* and 6:7-dihydroxyflavone * The latter 
would have been obtained if the coupling of 6-hydroxyflavone with diazo- 
benzene chloride had taken place m the 7- instead of the 5-position. 


Propertlee ! 

j 0 . 0-Dihydroayflavone 

« 7-DihydroayRavone 

Crystalline form 

M.P 

Ferric chloride 

Concentrated eulphime acid 
Aqaeotti «odium hydroxide 
Alcoholic lead acetate 
Diacetyl derivative 

Honey yellow needle* 

189-SO" 

interne olive green 

Yellow non fluorescent eolation 
Red loaolnble .odium aalt 
Orange red precipitate 

Prisma, tn p lSS-Bd* 

Pale creeam coloured silky needle# 

ft* 

Coloorleaa non Auoreecent eolation 
Bright yellow eolation 

Oreenleb yellow precipltat* 
Needles, imp. SOI* 
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Summary 

It has been shown that 6-hydroxyflavone couples with diazo salts in 
the 5-position 5-Ben«neazo-6-hydroxyflavone has been reduced to 5- 
ammo-6-hydroxyflavone Treatment of the latter with nitrous acid gave 
flavone-5-diazo-6-oxide, hydrolysis of which with boiling dilute sulphuric 
acid led to 5.6-dihydroxyflavone. 

The utility of the general procedure for the synthesis of other poly- 
fa ydroxyflavones and methoxyhydroXyflavones is being studied 

We aie indebted to the Sir Dorab Tata Trust for a Research Fellowship 
awarded to one of us 
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Oils of TermlnaUa genus have been little investigated Of the three more 
important species Terminalia catappa *• * (Indian almond). Terminalia 
chebuia * and Terminalia belerica * only the first has been examined by the 
ester fractionation method; the oil from Terminalia chebuia has merely 
been separated into saturated and unsaturated acid9 while Terminalia bele¬ 
rica oil does not seem to have been investigated m detail at all No member 
of this genus has been investigated with regard to the glyceride structure 
till now 

The first examination of oil of Terminalia belerica seems to have been 
made by Hefter* who. however, has reported only that the seed kernel yields 
44% of a fatty oil which consists of solid and liquid glyceride* Hooper* 
has recorded some constants of two specimens of the oil We have now 
examined two specimens of the oil for component acids, one by ester frac¬ 
tionation procedure and the other by the simple but equally accurate 
Bertram procedure The component acids consist of palmitic and stearic 
with a little arachidic in the saturated series and probably only oleic and 
Imoleic acids in the unsaturatcd class All the three species of Terminalia 
are characterised by the presence of about 25% of Imoleic acid (see below) 
Terminalia catappa and Terminalia belerica show a closer resemblance in 
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the large amount of saturated acids which they contain, though those of 
the latter consist principally of palmitic acid while those of the latter consist 
of about an equal mixture of palmitic and stearic 

We have completed the examination of one specimen of T belertca 
oil (I.V. 78 5; Saturated acids 41 3%) for the constituent glycerides accord¬ 
ing to the oxidative method evolved in our laboratory “ The absence of 
fully saturated glycerides in any quantity was proved by a preliminary oxida¬ 
tion which gave only 0 0018 gram of neutral material from 6 grams of the 
oil. The mean molecular weight of the saturated acids was found to be 
270 0 and 270 2 m two separate determinations, their percentages being 
39-49 and 39-5 on the weight of the oil. Since fully saturated components 
were absent, washing of the ethereal solution of the acidic oxidation products 
leaves behind monoazelao-disaturated glycerides and diaaelao-mono- 
saturated glycerides together with any unoxidised fat The results of two 
typical examinations are detailed in the experimental section. 

As shown in the experimental part, the percentage composition by 
weight of the component acids of the above specimen of Terminalia belertca 
oil is palmitic 20 50, stearic 20-80. oleic 26-70 and lmoleic 32-0; which, as 
expressed by molecules, is palmitic 22 2, stearic 20-2, oleic 26-1 and linoleic 
31-5; thus making a total of 42 4 molecules of saturated acids and 57-6 
molecules of unsaturated acids. Of this, 18 6 molecules of saturated acids 
are combined as GS,U and none as GS s , hence the remaining 23-8 molecules 
are combined as GSU,. thus forming 71 4 molecules of di-oleo-mono- 
saturated glycerides and the final composition of the oil is GS, traces. 
GS,U 28%, GSU, 71-4% and GU, 0-6% The glyceride composition as 
calculated by some methods of partitioning of the fatty acids among them¬ 
selves’ are shown in the accompanying table 1 



The most striking aspect about the glyceride constitution of oil of 
Terminalia belertca is its close approximation to the rule of even distribution 
w htch is not met with in many of the other seed fats which we have examined 
80 far, It would, at this point, be of interest to compare the $lycerfdc 
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composition of a Mowra oil, which wc have recently investigated* and which 
had practically the same saturated-unsaturated acid ratio. The component 
acids are the same and there is not much difference in their proportions 
except in the relative proportions of oleic and linoleic acids. But the 
glyceride structure is entirely different in the two cases. This shows that 
probably the general mode of construction or assembling of the acids into 
triglycerides need not be the same even in any two vegetable seed fats (com¬ 
pare Hilditch*) 

Experimental 



The iodine value 0-9 of the acids recovered corresponds to the un- 
oxidised portion of the oil After Bertram separation, the weight of acids 
is 2 145 grams, which works up to, on the weight of oil, 2 145 x 100/5 -3788 
or 39-87%. The percentage of unsaturated unoxidised acid will be 0-9 
x 39-87/90 or 0-398 on the weight of oil (90 being the iodine value of oleic 
acid) Since, for purposes of computation, the percentage of unsaturated 
glycerides (unoxidised) will be approximately thnee the unsaturated acids, 
the percentage of unoxidised unsaturated glycerides is 0 398 x 3 or 1-2 

A more detailed calculation is as follows i— 

282 of oleic acid should give [282 + (2 x 270) + 38] of GS,U by weight 
when S is 270 (mean molecular weight in the present instance*) or 860 Here 
the assumption is that Of the two mixed unsaturated glycendes (GS,U and 
GSUt) the GS,U has greater probability of escaping complete oxidation. 

The weight per cent of GS,U will be 0-398 x 860/282 or 1-205 per 
cent 1 -2 per cent of the oil is contained in 3 1475 grams of the azelao 
glyceride mixture obtained experimentally Hence the percentage content 
of unoxidised oil based on the a/elao-glycendes mixture will be 
1-2 x 5 3788/3-1475 or 2-05. 

The saponification value of 2-05% will be 56 11 x 100 x 3/860 or 195-7. 
Hence the S V of the mono-, and diazelao-glycende mixture can be calcu¬ 
lated. The actual experimental saponification value of the mixture con¬ 
taining GS„ GS*U, GS*A and GSA* is 359 -1. In this case of course, GSt 
is ml and hence we have now to correct for the saponification value of GS,U. 
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If X is the saponification value of the mixture, GS,A and OSA t , then 
359 1 X 100 - 195 7 x 2 05 +(X x 97-95), where 97-95 is the sum 
total of the percentage of GS»A and GSA,. Hence X is 362-3. 

Weight of mixture of azelao-glycendes is 3-1475 x 97 95/100 The 
percentage weight of mono-azelao-glycertdes is 


•1475 x 97-95 x (410-2 - 362 -3) 
-100 x'nW4l'2^1)~ 


x 100 


23 42, 


since saponification value of GS»A is 293-0 and of GSA, is 410-2 (experi¬ 
mental determination gave 410-8) and percentage of GSU, by weight is 
23-4 x 860-2/766-2, 1-2 or 27-5 


In a duplicate experiment 4-4739 grams of oil were oxidised and 2-6020 
grams of aaelao-glycende mixture was obtained after washing with bicarbo¬ 
nate. The mixture of glycerides had a saponification value of 358 4 After 
Bertram separation, the saturated acids obtained weighed 1-7778 grams 
The recovered saturated acids had an iodine value of 0 6. Hence percentage 
of unoxidised fat as oleo disaturated glycerides is 0-8. and percentage of 
unoxidised fat in azelao-glycende mixture is 1 4. The percentage weight 
of azelao-glycendes is 58-16 x 98-6/100 True saponification value of 
azelao-glycendes is 360-6 Hence percentage weight of monoazelao- 
glycendes is 

58-16 x 86-6/100 X 49-6/117-2 or 24-27 

Percentage of GS,U by weight is 24 27 x 860 2/766-2, 0 8 or 28 0 

Percentage of GS,U in oil by weight is 27-5, 28-0/2, or 27-75. 

Percentage of GS,U in Oil by molecules is 28 0. 

Analysis of the Oil by Ester Fractionation —1941 Sample —187 grams of 
the seed kernel was exhausted with benzene yielding 74 4 grams of the oil 
corresponding to an yield of 39 8% 218 grams of the oil was hydrolysed 

yielding 203 grams of mixed acids of mean molecular weight 277-8; iodine 
value 87-36; Titre 35, Refractive index (40) 1 4524 

The mixed acids separated into solid and liquid acids by lead salt sepa¬ 
ration yielded, approximately, 75 2 grams of solid acids and 127 8 grams 
of liquid acids. They gave the following analytical constants:— 
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100 grams of the solid and liquid acids were separately estenfied and 
fractionated The solid acids fraction consisted of C lt —19-93; Ci*— 
15*76; —0-79; oleic—0-20; tinoleic—0-32. The liquid acids fraction 
consisted of C»—2 45, oleic—27 90 and lmoleic—32-64 Hence the 
components are C w —22-38, C^—15-76; C t r-079, oleic 28 10 and 
linoleic 32-96 per cent 


Distillation of Solid and Liquid Acid Esters 




180-1 SO 
180-180 
180-200 
Residue 


300-208 

206-210 

210-218 

Kceidue 
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1, Introduction 

Although large transparent single crystals of barytes are easily available, 
comparatively little work has so far been done on its Raman spectrum. 
Nisi (1929) and Knshnamurti (1930) who Were the early investigators on this 
subject recorded only a couple of Raman lines. Using the 2536-5 A mercury 
radiation as exciter, Rasetti (1932) recorded a spectrum with a specimen 
of barytes which exhibited as many as eight low frequency lines and eight 
lines due to the S0 4 ion with frequency shifts 56 8, 62 2, 73 -6, 88-3, 97 8, 
127 3, 150 4. 189 8, 451-4, 462-2. 631 1, 647-5, 989-3, 1104-6, 1141-4 
and 1167-2cm- 1 Using the same technique and giving longer exposures 
Roop Kish ore (1942) repeated the experiment Owing to the smaller dis¬ 
persion of the spectrograph used by him, the number of Raman lines identi¬ 
fied was less than that reported earlier by Rasetti Roop Kishorc, how¬ 
ever, succeeded in recording an additional fainter fine at 1088 cm- 1 and a 
weak band extending from 1200 cm.- 1 to 1300 cm.- 1 He found that the 
orientation of the crystal with reference to the direction of illumination and 
observation had a marked influence on the relative intensities of the lines. 

Using the 4046 and 4358 A radiations of the mercury arc Balakrishnan 
(1941) investigated the effect of crystal orientation on the Raman lines due 
to the internal oscillations of the SO« ion in barytes The specimen employed 
by him was in the form of a parallelepiped with its faces parallel to the 
cleavage planes (001), (110) and (U0) He claimed to have observed 15 
distinct Raman lines with frequency shifts 452, 458, 614, 620, 638, 650, 989, 
1038, 1082, 1088, 1109, 1136, 1142, 1158 and 1170 cm" 1 , some of which 
did not appear for certain orientations of the crystal According to him, 
none of the three settings of the crystal tried by him gave the complete 
spectrum. This result has neither been confirmed nor contradicted by 
Roop Ktshore (1942), From an analysis of the polarisation data Balakrishnan 
concluded that the lines with frequency shifts 452, 458,650,989 and 1170 cm,- 1 
belonged to the symmetric class, 
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It is dear that the results obtained by the earlier investigators on the 
Raman effect m barytes are neither complete nor in agreement. It is there¬ 
fore thought desirable to study the problem afresh using the very powerful 
ultra-violet technique which has yielded much useful information in the case 
of diamond, calcite, quartz, etc. (Krishnan, 1945). The use of the 253d 5 A 
resonance radiation as exciter would enable one not only to record the first 
order spectrum of barytes m all its detail but also to investigate the nature 
of its second order spectrum about which nothing is known at present The 
present investigation was undertaken with this object in view and also to 
confirm or disprove Balakrishnan’s findings regarding the effect of crystal 
orientaUon on the frequency shifts of the Raman lines. 

2 DBTAILS Oh THE EXPERIMENT 

From Sir C. V Raman’s personal collection of minerals two transparent 
specimens of barytes were chosen for the picsent study The bigger ciystal 
was in the form of a paiallelcpipcd (10 x 8 x 5 cm), with its faces parallel 
to the natural cleavage planes (001), (110) and (1F0) It was used as such 
The smaller specimen which had a natural c(001) face was cut and polished 
With its faces perpendicular to the axes of the optical ellipsoid This crystal 
measured nearly 1 x 1 x 2 5cm 

The optical arrangement employed for recording the Raman spectrum 
using the mercury resonance radiation as cxcitei has been described in Part I 
of this senes (Krishnan, 1945) Using the E 3 quartz spectrograph a prelimi¬ 
nary investigation was earned out in order to find any variations in the 
frequency shifts of the Raman lines for different settings of the crystal Using 
the cut crystal three different spectrograms of the Raman effect were taken 
with the crystal illuminated successively along the a, b and c axes, the tra¬ 
versed scattered light being taken along b. c and a axes respectively A 
comparative study of the three spectra recorded m juxta-position on the same 
negative showed that the frequency shifts of the Raman lines remain 
invariant, whereas the relative intensities of the lines depend on the orienta¬ 
tion of the crystal. The experiment was repeated with the bigger crystal 
which had the natural cleavage faces and the same result was obtained 
Balakrishnan’s claim that none of the orientations of the crystal of barytes 
gave a complete Raman spectrum is therefore not substantiated by the 
results obtained by the author. 

In order to get accurate measurements of the frequency shifts of the 
principal Raman lines, a Hilger E 1 quartz spectrograph which has a dis¬ 
persion of about 50 wavenumbers/mm. in the 2536 \ region was used. 
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Using a slit width of 0-03 mm. and the bigger crystal, exposures of the order 
of 4 days were given to photograph the Raman spectrum showing the first 
order lines with reasonable intensity The frequency shifts of the lines were 
evaluated by comparison with the superposed iron arc spectrum. 

In order to record the second order spectrum the high speed low 
dispersion E 3 quartz spectrograph was employed With a slit width of 
0-03 mm exposures of the order of two to three days were given to get an 
intense spectrogram The frequency shifts of the more intense and easily 
identifiable second order lines were evaluated from measurements made on 
the spectrogram Those of the feebler ones were estimated from the micro- 
photometric record 

3 Results 

A typical photograph of the Raman spectrum taken with the E 1 spectro¬ 
graph together with its microphotometric record is reproduced in Fig 1 
m Plate 1. The positions and the frequency shifts of the principal Raman 
lines are marked in Fig 1 b They arc listed in Table I. The figures 


Table I 



given m brackets represent visual estimates of the relative intensities of the 
lines The direction of llluminaton was normal to the (001) face and the 
direction of observation was normal to the (110) face Rasetti's values for 
the frequency shifts are shown in column 5. The author’s results are m 
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close agreement with those of Rasettt except for the three doublets With fre¬ 
quency shifts 148 8-151 4cm.' 1 , 1084 2-1104 2cm-‘ and 1139-1-1144 8 
cm.- 1 Rasetti treated them as single lines. The principal Raman line 


Table IT 

Second order Raman lines of barytes 



With the frequency shift of 617-1 cm -1 has been recorded for the first time. 
The 20 Raman frequencies tabulated above have been classified into two 
groups, namely, lattice spectrum denoted by L,, L,. L, and the spectrum 
of the SO* ions in the crystal denoted by •>,. v,, . v» 

An intense photograph of the Raman spectrum of barytes taken with 
the E3 spectrograph is reproduced in Fig 2 together with a spectrum of 
the mercury arc for purposes of comparison. The corresponding micro- 
photometnc records are shown in Fig 3 The second order Raman lines 
can be clearly seen on the microphotometnc record Most of them can 
also be identified on the reproduced photograph. In addition to the 20 
Raman lines belonging to the first order spectrum, there arc not less than 18 
Raman lines and one Raman band constituting the spectrum of the second 
order. The frequency shifts of these are listed in Table II. They have all 
been recorded as such for the first time Roop Kishore (1942) reported the 
existence of only a band extending from 1198 cm _1 to 1300 cm. -1 consisting 
of unresolved lines. 
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Of the second order Knes, the Raman line with the frequency shift 
967 cmr* is the most intense one as it appears even in the lightly exposed 
photograph taken with the E1 spectrograph. See Fig. 1 The pair of lines 
With frequency shifts 1216 cm ~ 1 and 1238 comes next in the order of intensity. 

As in the case of other Crystals like cakate, gypsum, etc. the intensity 
of the 2536-5 A line relative to that of its companion at 2534 8 A is greater 
in the spectrum of the scattered light than in that of the direct arc The 
enhanced intensity of the unmodified line can be attributed to the presence 
of Briliouin components which are not absorbed by the column of mercury 
vapour, compare the microphotometric records reproduced in Fig 3. 

4 Discussion 

Barytes is an ionic crystal belonging to the orthorhombic bipyramidal 
class. The unit cell contains four molecules of BaSO,, the space group 
is V* 1 ® James and Wood (1925) carried out a detailed X-ray analysts ot 
the crystal structure of barytes Their results go to show that the SO, ions 
preserve their tetrahedral symmetry in the crystal. 

Spectrum of the SO t ton .—The SO, ion in the free state has only four 
distinct modes of oscillation with frequency shifts 454(2), 622(3), 983(1) 
and 1106 (3) cm." 1 The figures given in brackets are the respective degene¬ 
racies. From group theoretical analysis Bhagavantam (1938) showed that 
in the case of anhydrite which belongs to the orthorhombic class the four 
distinct modes of oscillation characteristic of the free SO, ions split up into 
nine components m the ciystal Wc may expect to get similar results with 
barytes also which has a structure similar to that of anhydrite With the 
disappearance of the degeneracy, the spectrum of barytes should exhibit 
all the nine lines characteristic of the S0 4 ion Actually 11 frequency shifts 
are recorded in the first order spectrum all of Which arc attributable to the 
oscillations of the SO, ion By comparing the values of the frequency shifts 
of barytes with those of the free SO, ion it is possible to identify seven out 
of the expected rune modes These are denoted by and v, 

(see Table I) The remaining two fundamentals, namely *>* and v t appear to 
have suffered a Fermi splitting due to accidental degeneracy giving nse to 
4 Raman lines as indicated below It is probably correct to take «, as 
1094cm -1 which splits up into 1084 and 1104 cmr 1 on account of the 
fact that the combination v, (462 2) + v, (630 3) falls on the top of In 
same way. >* which has a frequency shift of 1142cm -1 splits up into two 
lines with frequency shifts 1139 and 1145 cm.- 1 since the combination of 
(988-6) and L,(151-4), one of the lattice lines falls in the region of this 
doublet. 
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Table III 


Raman frequencies oj the SO t ton 
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i ‘ i 

Ij ! 
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In barytes ,.| 

4SS-9 

463 3 

[«T1 

; 630 3 

848 3 j 

1 —' 

| 1094 

1143 

1167 

In anhydrite 

418 

498 

6U9 

628 

”«w" , 

1016 


1128 

1100 

in gjpvam .. 

~S~ 


816 

1 922 

072 | 

.006 

ilia 

1136 

1144 


The values of the frequency shifts of the nine Raman lines due to the 
interna! oscillations of the S0 4 ions in barytes, anhydrite and gypsum arc 
listed in Table III. The corresponding Raman frequencies of the free S0 4 
ion are also included for comparison The values of the frequency shifts 
for anhydrite were those reported by other workers, The values for gypsum 
Were taken from Part II of this series (Knsbnan, 1945) A comparative 
study of the frequency shifts of the S0 4 ion in barytes and anhydrite shows 
that the influence of the cation on the splitting of the degenerate frequencies 
454 cm.- 1 and 622 cm,- 1 and on the enhancement of the totally symmetric 
oscillation frequency 983 cm '* of the free S0 4 ion is inversely proportional 
to its atomic Weight. Polarisation studies made by Rousset and Lochet 
(1945) show that in the case of gypsum the frequencies v„ v 4 , v, and v* 
come under the symmetric class, whereas in the case of barytes Balakrishnan’s 
measurements indicate that v x , v t , v t . v # and v» come under the symmetric 
class The fact that out of the nine S0 4 lines of barytes, five come under 
symmetric class and four antisymmetric shows that the vibrating S0 4 ion 
possesses only as elements of symmetry a binary a ms parallel to the binary 
axis of the crystal, although the ion has the full tetrahedral symmetry when 
the atoms are at rest. 

The lattice spectrum —Bhagavantam (1938) has shown that in anhydrite 
which has a structure similar to that of barytes there should be eighteen 
Raman active lattice oscillations. The recorded spectrum of barytes, on the 
other hand, consists of 9 lattice lines, i e , exactly half the theoretical number, 
Conjparing the lattice spectrum of gypsum with that of barytes one finds 
that there it no striking similarity between the two except for the fact that 
both the spectra consist of sharp, intense and closely spaced lattice lines. 

Combinations of the principal frequencies.—In the second order spectrum 
the overtones and combinations of all the fundamental frequencies listed 

AS 
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,n Table I can appear On this basis satisfactory assignments have been 
given to all the lines except one With frequency shift 967 cm. -1 appearing in 
the second order Raman spectrum (see Table II). The calculated frequency 
shifts agree reasonably well With the observed values. Of the sulphate 
frequencies, the octaves of v, (452-9), v,(462 2), v,(617 1) and w* (988 6) 
are recorded as clearly resolved lines There is indication of some unresolved 
lmes in the neighbourhood of 1238 and 1267 cm -1 (see Fig, 3). These can 
be assigned as the octaves of (630-3) and *, (648 3). It is interesting to 
note that the octave of the most intense principal Raman line, namely, 
v,(988-6cm- 1 ) is very weak compared to the octave of some of the other 
sulphate lines, e.g ., v x (452 • 9 cm -») or », (462 ■ 2 cm. -1 ). 

5 Infra-Red Spectrum 

Comparatively little work has so far been done on the infra-red absorp¬ 
tion spectrum of barytes. Schafer and Schubert (1916) reported the exist¬ 
ence of two reflection maxima in barytes, one at 8-30/* (1204 cm- 1 ) and the 
other at 8 93 p (1120 cm“ l ) Matossi and Kindler (1934) investigated the 
infra-red absorption spectrum of barytes in the range from 2/* to 16/*. 
They observed two strong absorption bands at 9/* and at 15 65/* correspond¬ 
ing frequencies being 1100 cm- 1 and 640 cm" 1 These absorption bands 
might correspond to the observed Raman lines 630-3 and 1094cm -1 which 
come under the antisymmetric class and hence active in the infra-red The 
above authors have also reported the existence of two weak absorption bands 
at 12 35/* (810 cm-*) and 10 81/* (925 cm -1 ) in the infra-red There arc 
no first order Raman lines corresponding to these The second order 
spectrum, on the other hand, exhibits two Raman lines with corresponding 
frequency shifts. 

The author is grateful to Sir C. V. Raman for the loan of the crystals of 
barytes and also for his interest in the work. The author is also indebted 
to the authorities of the Annamalai University for the loan of the Hilger 
E 3 quartz spectrograph 

Summary 

The previous work on the Raman effect in barytes has been briefly 
reviewed 

The Raman effect in natural crystals of barytes has been studied in detail 
using the 2536-5 A mercury resonance radiation as exciter. The recorded 
spectrum consists of not less than 39 Raman lmes nearly half of which have 
been recorded for the first time Of these 20 lines belong to the first order 
jUman spectrum and are distributed as follows.—9 lattice lines and 11 lines 
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due to the internal oscillations of the SO< ion. The frequency shifts of these 
lines have been accurately measured. The appearance of 11 Raman lines 
in the first order spectrum of the S0 4 ion has been satisfactorily explained 
mi the basis of the lower order of symmetry of barytes crystal and also due 
to Fermi resonance splitting. 

19 Raman lines of comparatively feeble intensity which constitute the 
second order spectrum have been assigned as octaves and combinations of 
some of die 20 principal Raman frequencies. 

The frequencies corresponding to the maxima observed in the infra-red 
absorption spectrum of barytes have been compared with those observed in 
the Raman effect 

A complete bibliography on the Raman effect and infra-red studies in 
barytes is included 
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Constitution of cannAbiscitrin—paNt li 

By T R. Seshadri and V VenkaTeswarlu 

{From tht Dtpurimrnl of Ckumbtry, Atu&ru Um unity) 

Rocejved February 26, 1946 

CannaBiscitrin 1 is the mam crystalline component of the flowers of Hibiscus 
amnabtnus It is a monoglucoside of cannabiscetm, a flavonol having six 
hydroxyl groups When decomposed with aqueous alkali its hexamethyl 
ether yielded O-tnmethyl-gallic acid Thus four of the six hydroxyl groups 
of the flavonol could be definitely allotted to the positions 3, 3', 4' and 5' 
The orientation of the other two as 3‘8 was tentatively suggested, based 
on colour reactions. The aglucone was considered to be isomeric with 
myricetin and not identical with it mainly for the following seasons. (1) it 
gave the gossypetone reaction though not so readily as gossypetin and this 
was considered to be characteristic of compounds having hydroxyl groups 
in the pora-positions 5 and 8, it further gave a display of colours in alkaline 
buffer solutions, (2) the methyl ether of cannabiscetm as originally obtained 
was noticed to have a lughei melting point than that of myricetin though the 
melting points of cannabiscetm and its acetate agreed with those of myricetiii 
and its acetate 

In a subsequent paper" the position of the sugar group was fixed as 3'. 
This was done by methylation of the glucoside, hydrolysis and fission of the 
product whereby 3-hydroxy-4. 5-dimethoxy-benzoic acid was obtained and 
identified 

Further work has now been done with a view to obtain more definite 
information about the nature of the flavonol and its glucoside using im¬ 
proved mothods of methylation aod fission leading particularly to the isolation 
and identification of the ketontc decomposition product. The different 
methods of methylation that have been so far employed by different workers 
have been applied to the present case. The use of dimethyl sulphate and 
anhydrous potassium carbonate in anhydrous acetone solution has been 
found to be the most satisfactory and has given the best yields of the pure 
ethor. The hexamethyl ether of cannabiscetm obtained m this way is found 
to melt at 156° agreeing with the melting point of myricetin methyl ether.* 
The hi gh« melting product originally described could not be obtained again 
even by adopting the other methods and the older sample was not available 
for comparison due to loss during the transfer of our laboratories as a war 
measure. Whether this is antoher case of dimorphism found in certain 
other flavonol ethers could not therefore be setded. 

296 
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Comtitutusn of Cannabiscttrin—II 

Since it has been our experience that the use of absolute alcoholic 
potash for the fission of methyl ethers gives much better results than older 
methods and is particularly suited for dealing with small quantities, this 
method has now been adopted for the fission of the hexamethyl ether of 
cannabucetin (I). Besides trimethyl gallic acid (111) good yields of a ketonic 
product has been obtained and it has been identified at methoxy flsetol- 
dimethyl ether (H)* by a detailed study of its reactions and conversion into 
derivatives and also by comparison with a synthetic sample This definitely 
established the position of the two hydroxyl groups in the benzopyrone part 
as 5.7 and not 5 8 and thus cannabiscetm should be the same as myri- 
cetin (Vm) The identity was established by the synthesis of jnyncetin and 
its derivatives according to the method of Kalff and Robinson* and com¬ 
parison with cannabiscetm, its acetate and methyl ether It should be noted 
here that the colour reactions with buffer solutions and p-bcnzoqumone 
which were originally considered to be characteristic of the 5 :8 arrange¬ 
ment of hydroxyl groups are also given by flavonols containing three hydroxyls 
in the 3' 4' • 5' positions 



(VIU) 


In the course of the experiments on the identification of cannabiscetm, 
methoxy-fisetol-dimethyl ether («. 4:6-tnmcthoxy-2-hydroxy acetophenone) 
was fused with the anhydride and sodium salt of trimethyl-galJic acid. There 
was partial demethylation during the condensation and the product was 
found to be 5-hydroxy-3.7 3'. 4' 5'-pentamethoxyflavone (IV) or penta- 
methylmyncetm* obtained by Perkin by the partial methylation of myncetin. 

In the light of the identity of cannabiscetm with myncetin, the constitution 
pf the glucoside, cannabiscitnn has been further investigated using the simpler 
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method of medication. Though the glucoside is sparingly soluble in dry 
acetone, it could be successfully and fully methylated in this medium in a 
finely powdered condition by boiling with excess of dimethyl sulphate and 
potassium carbonate. The methylated glucoside could be obtained in a 
pure condition and hydrolysed to give a pentamethyl ether of cannabiscetin 
(myncetin) in good yield Fission of this substance with alcoholic potash 
has yielded as one product methoxy-fisetol-dimethyl ethet (II) showing con¬ 
clusively that the supr group is not present in the benzopyrone part. The 
acid decomposition product was identified to be 4. 5-dimethyl gallic acid 
(IX) by comparison with a sample synthesised according to the method of 
Shnner and McCutchen* thus establishing the constitution of the penta¬ 
methyl ether as (VTI) and the constitution of the glucoside as (V) with the 
supr unit in the side phenyl nucleus in position 3' 

A more convenient method of establishing the exact consutuuon of 
the glucoside is to ethylate the above penta-methyl ether to give ethyl-penta- 
methyl-cannabiscetin (myricetm) (X) and subject this to fission. The re¬ 
action goes more smoothly yielding the same ketone (II) and 3-ethyl-4. 5- 
dimethyl gallic acid (XI) which is identical with the ethylation product of 
4 5-dimethyl gallic acid These reactions arc represented below 



(IX) (X) (XI) 
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Constitution of Carmabtscttrtn—ll 

Cannabiscitrin is, therefore, a new mono-glucoside of royncetm, the 
glucose group being in the 3'-position. Myncitrin* isolated by Perkin from 
Myrka nagi is a rhamnoeide and the rhamnose unit is considered to be 
linked to the 3-position of the flavonol 

It is interesting to compare the flavonols present m the flower petals of 
the two closely related species of Hibiscus, H camabinus and H sabdariffa. 
Botanically the plants resemble closely and they are also used for the same 
purposes, as acid vegetables and as sources of fibre The camabinus 
flowers contain myriccttn as the flavonol, whereas hibiscetin is the main com¬ 
ponent of sabdariffa petals Since the latter is 8-hydroxymyrtoetin, it appears 
that the species difference rests in the oxidation of the 8-position of the 
flavonol molecule 

Experimental 

Hexamethyl cannablscetin (I) —Cannabiscetm (1 Og), dissolved in 
dry acetone (100 cc), was treated with dimethyl sulphate (2 5c.c) and 
anhydrous potassium carbonate (20 g) and the mixture boiled under reflux 
for 30 hours After the completion of the reaction, the potassium salts were 
filtered off and washed With more acetone The filtrate Was concentrated 
and the residue treated with water (100cc ); the methyl ether then separated 
out completely during the course of one hour. It Was twice crystallised 
from dilute alcohol when it came out m the form of colourless rectangular 
plates and prisms melting at 155-56° It was insoluble in dilute sodium 
hydroxide solution and did not give any colour With alcoholic ferric chloride 
The methyl ether exhibited a weak blue fluorescence in alcoholic solution 
Yield' l'Og (Found C, 62 9, H, 5 7, OCH», 46 1, C tl H a O, 
requires C, 62 7, H, 5 5; OCH„ 46 3%) The mixed melting point with 
myricetm hexamethyl ether was undepressed 

The use of benzene as the solvent in the above experiment also yielded 
the same methyl ether; the only difficulty was that cannabiscetm was not 
easily soluble in this solvent Still the yield and the quality of the product 
were unaffected 

Other methods using (i) methyl iodide and anhydrous potassium carbo¬ 
nate in acetone solution, (2) methyl iodide and alcoholic potash and 
(3) dimethyl sulphate and alkali on cannabiscetm acetate, were examined 
in order to see if any higher melting ether could be obtained. But all of them 
yielded the same substance melting at 155-56°. 

Decomposition of hexamethyl cannabiscetin with alcoholic potash : Iso¬ 
lation of trimethyl gallic acid (HI) and the ketone (II) —Hexamethyl catrna- 
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biscetln (1 0 g.) was boiled under reflux with absolute alcohdHc potash 
(30c.c. of 8%) fot six hours under anhydrous conditions. At the end of 
the period as much of the alcohol as possible was distilled off and thi residue 
dissolved in water. The aqueous solution was then filtered from a little 
insoluble impurity and the clear filtrate acidified with dilute sulphuric acid 
with cooling. The precipitated solid was then thrice extracted with ether 
and the combined ether solution shaken with 5% sodium bicarbonate to 
remove the acid part (A) On evaporating the ether solution the required 
ketone was obtained It was crystallised twice from dilute alcohol when it 
came out in the form of thin colourless plates melting at 104-05° The 
yield of the pure ketone was 0 34 to 0 38 g It could also be crystallised from 
hot water It dissolved easily m aqueous sodium hydroxide forming a pale 
yellow solution and gave a grpenish brown colour with alcoholic feme 
chloride The mixed melting point with an authentic sample of 2-hydroxy- 
oi- 4 : 6 -trimethoxy-acetophenone was undepressed (Found: C, 58 6, H. 

6 5, OCHj. 40 9; C n H„0, requires C. 58 4, H. 6 2, and OCHj, 41 2%) 

The dinltrophmylhydrazane Was obtained by heating a mixture of the 
above ketone (01 g) and 2. 4-dmitrophenylhydrazine (0 2g.) dissolved in 
alcohol (I0cc), on a water-bath for half an hour The phenylhydrazone 
separated out on cooling, it was washed with dilute hydrochloric acid and 
crystallised from alcohol when it came out m the form or orange-red micro- 
crystals melting at 160-62“ It was soluble in aqueous alkali to give an 
orange-red solution (Found 1 C, 49 9, H, 4 7; C 17 H„0,N 4 requires C, 
50 2; H.4 4%) 

The clear bicarbonate solution (A) obtained above was neutralised with 
dilute hydrochloric acid The precipitated solid was repeatedly crystallised 
from hot water using a little animal charcoal. It came out in the form of 
colourless rectangular plates, melting at 167-68° and was identified as tn- 
methyl gallic acid. The mixed melting point with an authentic sample of 
trimethyl gallic acid was undepressed. (Found: C, 56-7; H, 5 7, OCH„ 
44' 1; CwH.tO, requires C. 56 6; H, 5 7 and OCH a . 43 9%) 

a, • 2 4 6- Tetrametlioxy-acetophenone — 2-Hydroxy-«-4:6-trimethoxy- 
acetophenone (0-2 g) was methylated in acetone solution with dimethyl 
sulphate (0-5cc) and anhydrous potassium carbonate (5'0g). The pro¬ 
duct was crystallised from dilute alcohol when it came out m the form of 
colourless rectangular plates melting at 151-52° It was insoluble in dilute 
sodium hydroxide solution and did not give any colour with alcoholic ferric 
Chloride. (Found. C, 601; H, 6-9; OCH„ 51 9; C„H,A requires 
C.60 0; H, 6 7 and OCH v 51 7%) 
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Comparison of camabiscotto and myricettn {synthetic) —The following 
properties were compared and found to be identical The flavontrts 
decomposed above 350° and gave a dark brown odour with alcohdic ferric 
chloride; the hexamethyl ethers melted at 155-56° and the hexa-acetatea 
at 220-21°. The colour reactions m alkaline buffer solutions were alio 
identical With freshly made buffer solutions, the appearance of pure due 
has now been noticed even with a slightly lower pH. This may be due to 
changes in the buffer sdutions during storage. 

Condensation of hydroxy-fnetol trimethyl ether (II) with the anhydride 
and the sodium salt of trimethyl gallic acid Preparation of S-Hydroxy- 
3 7.3' 4'. 5'-pentamethoxy-flarone (IV) — 2-Hydroxy-ta. 4 6-trimethoxy 
acetophenone (I0g.) was intimately mixed with the dry anhydride (6g.) 
and the sodium salt of trimethyl gallic acid. The product was heated at 
180° for 6 hours in vacuo The hard mass Was then broken up and dissolved 
in alcohol (150cc) and while boiling, an aqueous potassium hydroxide 
solution (8 g in 15 c c.) was added during the course of 20 minutes to 
decompose the excess of the anhydride The alcohol was then completely 
removed under reduced pressure and the residue dissolved in water. A 
small quantity of a solid (S) separated out. It was Altered and the filtrate Was 
then saturated with carbon dioxide The pale yellow product was repeatedly 
crystallised from alcohol when it came out as very pale yellow stout needles 
melting at 140-41° This product corresponded to the pentamethyl ether 
of myncetin (m.p 138-39°) recorded by Perkin.® In bulk, the substance 
appeared yellow It gave an obve green colour changing to brown with 
alcoholic fermc chloride and did not exhibit any visible fluorescence in 
alcoholic solution (Found - C, 62 0, H, 5 3, OCH*. 40 I, C M H a O| 
requires C, 61 9; H, 5 2 and OCH„, 40 0%) On working up solid (S) 
some more of the above 5-hydroxy compound was obtained 

Methylation of the above 5-hydroxy-flavone with excess of dimethyl 
sulphate and anhydrous potassium carbonate in acetone solution yielded 
the hexamethyl ether of myncetin which crystallised from dilute alcohol 
as colourless rectangular plates and prisms and melted at 155-56°. 

Acetate of cannabtscltrin —This was conveniently prepared by boiling 
the glucoside with acetic anhydride and a drop of pyridine, and crystallising 
the colourless product by dissolving in cold acetone and adding enough ethyl 
alcohol to start crystalhsauon. When prepared m this manner, it appeared 
as colourless needles and melted to a transparent liquid at 194° (Found; 
C. 54 - 4; H, 4 4; C*H„0„ requires C, 54 5, H, 4 4%) 
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Methylation of camabtscUrin: Preparation of the methylated gkicoside 
(Vi).—Finely powdered cannabiscitrin (4-0 g.) was suspended in dry acetone 
(200 cc.), treated with dimethyl sulphate (6 0 g.) and anhydrous potassium 
carbonate (25 g.) and the mixture boiled under reflux for 30 hours It was 
occasionally shaken to bring any unreacted cannabiscitrin into solution. 
The acetone solution was filtered, washed with more acetone and then con¬ 
centrated When colourless crystals of the methylated gluooside separated out. 
It was recrystallised from methyl alcohol when it came out as shining needles 
and rectangular plates melting at 149-50° It was insoluble m dilute alkali and 
did not give any colour With alcoholic feme chloride (Found - C, 56 4; 
H, 5 3. CmHssO,, requires C, 56 7, H. 5 5%) 

Hydrolysis of the methylated glucoside: Isolation of pentamethyl cannabis- 
cetin (myricetin) (VII) —The whole of the product obtained above (VI) was 
boiled under reflux with 7% sulphuric acid (200 c c ) for 2 hours The hot 
solution was filtered through a plug of cotton-wool to remove a small 
quanuty of insoluble impurity that had separated out The pentamethyl ether 
crystallised out almost completely on cooling. It was recrystallised twice 
from alcohol when it came out in clusters of colourless needles The correct 
melting point of this compound is 220-22° It did not give any colour With 
alcoholic feme chloride, but dissolved easily in dilute sodium hydroxide 
forming a pale yellow solution with no fluorescence Yield, l-76g. from 
4g of cannabiscitrin It developed a pale pink fluorescence m neutral 
alcoholic solution after some time (Found C, 61 5, H, 4 8, OCH», 
40-2. C w H m O, requires C, 61 9, H, 5 2 and OCH s , 40 0%) 

The above pentamethyl cannabiscetin (0 5 g) was dissolved in acetone 
(20cc) and methylated by boiling for 10 hours with excess of dimethyl 
sulphate and anhydrous potassium carbonate. The product was crystallised 
from dilute alcohol when it came out as colourless rectangular plates melting 
at 154-56° and was found to be identical With the hexamethyl cannabiscetin 
obtained by direct methylation 

Decomposition of the above pentamethyl ether (VII) with alcoholic potash: 
Isolation oj 4. 5 -dimethyl gallic acid (IX) and the ketone (II) —Pentamethyl 
cannabiscetin (l-0g.) Was boiled under reflux with absolute alcoholic potash 
(30c.c. of 8%) for a period of six hours. The product was worked up a* 
before into the sodium bicarbonate soluble part (acid part) and the ketonic 
part. On crystallisation from alcohol, the ketone came out as colourless 
rectangular plates, melting at 104-05° Mixed melting point with 2-hydroxy- 
fi, ; 4; 6-tnmethoxy acetophenone was undepressed, 
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The bicarbonate solution was acidified and repeatedly extracted with 
ether; the residue obtained on evaporating the ether solution was twioe 
crystallised from hot water using a little animal charcoal when it came out 
as rectangular plates and prisms melting at 192-94° It was found to be 
identical with 4: 5-dimethyl gallic acid, the mixed melting point With an 
authentic sample of 4:S-dimethyl gallic acid being undepressed. (Found: 

C, 54 7; H, 5 4; OCH s . 31-2, C,H ie 0 5 requires C, 54 5, H, 5 I and 
OOI,. 31-3%) 

3'-Ethyl-2 .5 7.4' 5'-pentamethyl carmabiscetm (myncetin ) (X)—The 
above pentamethyl cannabiscetin was ethylated with ethyl iodide and 
anhydrous potassium carbonate in acetone solution The product was worked 
up as before and the ethyl ether was twice crystallised from dilute alcohol when 
it came out as stout rods and rectangular plates, melung at 155-56°. A 
mixed melung point with hexamethyl myncetin was considerably depressed. 
The product was insoluble in aqueous alkali and did not give any colour 
with alcoholic ferric chloride 

Decomposition of ethyl-pentamethyl cannabiscetin (X) with alcoholic 
potash Isolation of the ketone (II) and 3-ethyl-A. 5-dimethyl gallic acid (XI) - 
The ethyl pentamethyl ether (10g) was subjected to fission with alcoholic 
potash following the procedure already described The ketomc part was 
found to be identical w.th 2-hydroxy-«: 4.6-tnmethoxy-acetophenone 
The acid was crystallised from hot water using a little animal charcoal when 
it came out as colourless rectangular plates and prisms melting at 164° It 
was identified as 3-ethoxy-4 5-dimethoxy-benzoic acid The mixed melting 
point with an authentic sample of 3-ethoxy-4 • 5-dimethoxy-betuoic acid, 
prepared as given below was undepressed (Found C, 58 6, H, 6-4; 
C u H„0, requires C. 58 4; H, 6 2%) 

4.5-Dimethyl gallic acid* (1 Og) was ethylated using ethyl iodide 
(2 c c,), anhydrous potassium carbonate and anhydrous acetone The ether 
ester was obtained as a viscous liquid and it was hydrolysed by boiling with 
sodium hydroxide solution (20 cc of 20%) for one hour The clear solu¬ 
tion was then acidified and the solid product crystallised from hot water 
when it came out as colourless rectangular plates and prisms melting at 164* 
(Found: C, 58 5. H 6 4. CnHnO, requires C. 58 4 H 6 2% 1 
Summary 

The methylation of the glucoside, cannabiscitrm and of the aglucone. 
cannabiscetin has now been effected by a more efficient method and the 
fission products examined. As the result cannabiscetin has been identified 
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as tnyricetin and the identity has been confirmed by comparison of the 
flavonol and its derivatives with synthetic samples It is noted that the 
reactions of flavonols having the pyrogaliol side-phenyl riucleus exhibit many 
similarities with those given by flavonols having the 5:7. 8-arrangement of 
hydroxyl groups. The condensation of hydroxy-flsetol-tnmethyl ether with 
die anhydride and sodium salt of gallic add yields pentamethyl-myricetin 
instead of the expected hexamethyl ether, partial demethylation having taken 
place in the 5 position during the course of the condendation 

Methylation of the glucoside, cannabiscitnn yields a pentamethyl 
ether which forms on hydrolysis pentamethyl cannabiscetm (myncetin). 
Alkali fission of this compound gives the same ketone as the hexamethyl 
ether. The acid part is identified as 4: 5-dimethyl gallic acid, thus locating 
the position of the sugar group definitely m the 3' position of the flavonol. 
This result has been confirmed by ethylating the pentamethyl cannabiscetm 
and subjecting the ethyl ether to fission with alkali Besides the ketone 
already mentioned, the add decomposition product is found to be 
3-ethyl-4: 5-dunethyl gallic add by comparison with a synthetic sample. 
The synthesis of the ethyl-dimethyl gallic acid is described. 
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In continuation of the previous work of Desai and Radha,’ the action of 
acetic anhydride on methyl-y-resorcylate in presence of anhydrous aluminium 
chloride has been studied. This condensation affordcu methyl-2 *6- 
dihydroxy-3-acetyl-benzoatc (I. R * CH,) and 2. Wihydroxy-3-acetyl- 
benzoic acid (l, R = H) The ester and the acid both were characterized 
by the formation of 2.4-dimtrophenyl-hydrazones and semicarbraoncs The 
e ter (I, R = CH t ) on hydrolysis afforded the corresponding and (I, R H). 
which on decarboxylation gave resacetophcnone, thus establishing the 
structures of both the acid and the ester From the yield of the ester and 
the acid and the rate at which the reaction proceeded it was noted as expected 
that methyl-y-rcsorcylate was more reactive than its isomer methyl-f- 
resorcylate. 

COOK 



(i) 

Experimentai 


Methyl- 2. 6-dthydroxy-3-acetyl-benzoate (I, R ** CH t ) and 2 6-dt~ 
hydroxy-i-acetyl-benzolc add (l, R — H). Fuwly powdered anhydrous 
aluminium chloride (3 g.) was dissolved m dry methyl-y-resorcylatc (2 g.) 
in nitrobenzene with constant shaking. Acetic anhydride (2 5 c.c) was then 
added to the mixture slowly and the mixture kept at room temperature for 
24 hours, with an air condenser and a calcium chloride guard-tube attached 
to the flask. It was then heated for 3 hours on a water-bath and the mixture 
cooled. The aluminium chloride was decomposed by adding pieces of ke 
and hydrochloric acid to the reaction mixture and the nitrobenzene steam 
distilled The sticky paste obtained oa cooling was worked up in the usual 
manner.with sodium bicarbonate solution (5 per cent.) when part of it went 
into solution with effervescence, and a fraction remained insoluble. The 
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latter was washed with water and crystallized from very dilute hot alcohol in 
long golden-yellow needle, mp 137-38° C (Found. C, 56-9, H 4 4.‘ 
Ci»H„0* requires C. 57 1; H. 4 8 per cent) It gave an intense red coloura¬ 
tion with alcoholic ferric chloride and \ as very soluble in all the common 
solvents like alcohol, acetone and methyl alcohol 

The sodium bicarbonate soluble portion was acidified with hydro¬ 
chloric acid, and extracted with ether, when pale ydlow micro-crystals were 
obtained on the evaporation of the solvents, mp 210-12° (Found: C, 
54-8; H, 4 0: C,H f O, require* C, 55 1. H. 4 1 per cent 1 It gave effer¬ 
vescence with sodium bicarbonate •-olution and a wine-red colouration with 
alcoholic feme chloride 

The 2 * A-dbtHrorhmxl-hvdrazone prepared in the usual manner crystal¬ 
lized in orange-red micro-crystals from glacial acetic acid m p 293° (decomp ) 
(Found: ft- >4 2, C,.H, 4 0»N, requires N, 14 4 per cent) 

The Femicorbaione prepared as usual, crystallized in very pale-yellow, 
shiny micro-crystals from boiling alcohol, m p 273° (decomp ) (Found: 
N, 15 4. C|,H w O,N» requires N, 15 7percent.) 

2: 6-dihydroxy-3-acetyl-ben roic acid (/, R * H) - Methyl 2: 6-dibydroxy- 
3-acctyl-benzoate (0 3 g) was hydrolysed in alcoholic alkaline solution in 
the usual manner The solid obtained on acidifying with hydrochloric and. 
was purified through sodium bicarbonate solution (5%) The yellow solid 
obtained on acidification with hydrochloric acid was washed and crystallized 
from dilute hot alcohol in pale yellow micro-crystals, m p 209-10°. Mixed 
melting point with the previously obtained acid was unaltered. 

Decarboxylation of 2: b-dihydroxy-h-acetyl-bznzoic acid (0-2 g.) by heat¬ 
ing in a sealed tube with acidulated water (10 c c) at 160-70° for 5 to 6 
hours yielded a sticky paste This was triturated with sodium bicarbonate 
solution and the insoluble portion crystallized from alcohol in yellow needles, 
mp. 145-46° Mixed melting point with an authentic specimen of 
rencetophenone was undepressed. 

Summary 

The action of acetic anhydride on methyl-y-resorcylate in pre¬ 
sence of anhydrous aluminium chloride afforded methyl-2 6-dihydroxy* 
3-acetyl-benzoate and 2:6-dihydroxy-3-acetyl-benzoic acid. 

Reference 

1. Dstal tod Radhtt . Five. M. Acad Set, 1940, 12 A. « 
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A tentative mechanism for this reaction was proposed by the author 1 and 
this was subsequently modified* so as to bring the thermal mechanism in 
line with the photochemical change Since then, further work has shown 
that an examination of the results with a suitable reaction rate equation 
based on the mechanism is necessary and this constitutes the subject of the 
present communication 

A homogeneous catalysed reaction such as the ones under consideration 
can involve activation of one or both of the reactants by the catalyst. Any 
derivation of the kinetic equation has to consider both alternatives The 
process of activation may involve the communication of the activation energy 
effectively to the molecules that would otherwise acquire it only very slowly 
and the molecules thus activated may react only after some interval durmg 
which they are liable to deactivation As postulated m the tentative mecha¬ 
nism, the catalyst may remain associated with the reactant as a complex which 
undergoes the reaction. The various processes taking place and the con¬ 
centrations involved arc collected in Table I 


Table I 



» Now at Ungaraj College, Belgium 
At 


,1 
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If the concentration of the catalyst is c, we get for the stationary con¬ 
centration of the activated molecules the relation: 

fc,n,r — — k&xC =«= 0 

kjtic - ktp x a t - k t a,c - 0. 

From these two simultaneous equations, one gets 
«,»+«, (it,/A,, «, - kjk tj - i kjkt kjk t «,t) - (kjk&d ° 0 
Neglecting the last term which involves neither the catalyst nor the 
reactant 1 and taking only the positive root of the quadratic for a„ the 
reaction velocity equation 

dxldt “ kgUfa 

becomes 

dxldt - kjkjit nwlkjctf + *,**»,- 

Applying this to the Olefine-Bromine reaction catalysed by hydrogen bromide 
we have 

dx/dt -= kikjct [Olefine] [Bromine] k ~J* ^BrJ[Br,] W 

If one considers, however, that only one reactant gets activated by the 
catalyst, we get for the stationary state 

lfc,n,c — ktfiC — &ga,n, 0 
and 

dxldt = k^n, + ktkjtt^tclkfC -f Aijn,. 

This gives for the present reaction 

dxldt « kjc x [Olefine] [Bromine] [Hydrogen Bromide J/A:, [HBr] k, [Olefine] (2) 
Expressing the hydrogen bromide concentration as a molefraction of the 
bromine concentration, /, equations 1 and 2 may be rewritten 

dxldt - [Olefine] [Bromine] ^ ^ (3) 

dxldt AjA, [Olefine] [Bromine] ^ [01efine]/[Bromine] (4) 

If olefine and bromine concentrations are chosen to be equal and the 
coefficients of/ be unity, both expressions lead to an identical one of the type 

dxldt =■ k' [Olefine] [Bromine] f+y (5) 

Obviously this assumption cannot be valid in all cases but one may expect 
that in every instance, a range of catalyst concentration may be found where 
this bolds good. Further, the expression will be reduced to a simple 
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bimolecular type if/" kjcf-'kjct “ equatlon (3) E ^ uatlon (4J Wllj ** 
similarly reduced to this type if the reactants are initially at the same con¬ 
centration and / =* 1/1 - Jfc,/fc, It has been observed that the introduction 
of activating groups reduces both the period of induction and influence of 
the catalyst on the rate of the addition reaction ( ). One may expect, 

therefore, for each olefine three different stages in the catalysed reaction* 

1 The reaction is represented by the full rate equation (3). 

2 The reaction is represented by the rate equation (5) 

3. The reaction gives a bimolecular constant 

Evaluation of all the constants in the lull rate equation is not feasible 
with the existing experimental data but the general validity of the concepts 
may be seen by examining the figures for crotonic acid (Tables II, III and IV) 

The three tables present data which correspond to the different stages 
mentioned in the foregoing para in the order given The experimental work 
in the earlier parts of this work has shown that though the determining factor 


Table II 

Concentration of Olefine - Concentration of Bromine M/IJ, Concentration of 
Catalyst (HBr) 1-05 mole* % of Br 


Reaction * 

Rate Conatant mole/min. -1 
| calculated uaing K>)n. 8 

Kate Constant mole/min** 1 * 
Bimolecular 

10 

30 

» 

2 008 

1 2 388 

[ 2 80S 

3 US 

0 tuns 

0 0321 

0 0238 


Table III 


Concentration of define - Concentration of Bromine M/IJ , Concentration of 


Catalyil (HBr) 2-10 mole* % of Br 

1 

Rate Coultant using Equation 5 
; molea/min **» 

Rate Lon>tant, Bimolecular 
ntolet/mln 1 

10 


0*0182 


1 V 

0*0228 




IS 


0*0286 
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TABLE IV 

Cententration of Olefine - Concentration of Bromine M/IS, Concentration of 
Catalyst, (HBr) 6 90 moles % Br 



in the reaction is the ratio between the catalyst and bromine, the dual acti¬ 
vation of the double bond, vti., the internal group influences and the external 
catalyst influence, has to be recognised and though equation 5 and the 
bimolecular equation can both be derived fjrom the simpler set of reaction 
the more complete one is to be preferred 

Since in every case the limiting reaction is a bimolecular one,* the limiting 
value of the velocity constant will be proportional to ^ ^ ^ ^ Each 

of these constants being specific for a reaction different catalysts may be 
expected to lead to different limiting values of the velocity constant. Also, 
the catalyst-bromine concentration ratio for each of the stages may not be 
the same. The following data obtained with ipdinc monochloride as catalyst 
and crotonic acid as the olefine illustrale this point. 


Table V 

Olefine and Biominc concentrations M/IJ 



•Not* Robertson and co-workera V CS, 1945, 119 *c) at higher concentration! get the 
reaction ai tcrmolecular. Thli ia considered m a later part. 
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The applicability of the equation to other compounds and the influence 
of substituent groups are considered m the next port 

Summary 

A kinetic equation has been derived for a homogeneous catalysed 
reaction in which both the reactants of a bimolecular reaction arc activated 
by the catalyst and ihc equation applied to the reaction between crotonic 
acid and bromine catalysed by hydrogen bromide The variation of rate 
with change of catalyst is also indicated 

Rehrincfs 

1 Anantakrishnan and Venkutr.iman 1 C S , 1939, 224 

j_ Chem Reviews , 1943 33, 52 
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In Part I of this series it was observed that the induction period and the mini¬ 
mum concentration of catalyst needed to eliminate this varied with the olefine 
and a hypothetical curve was drawn correlating these » The kinetic equation 
derived in Part IV (preceding paper) must be consistent with this observation 
if it is to be a general one Two similarly substituted trans ethylene deriva¬ 
tives were chosen for this study, fumanc acid and stilbene The choice of 
these was determined by the following considerations In dealing with a 
reaction involving the polarisability of the doubfe bond, the complication 
of dipole moment influence has to be minimised and symmetrically substi¬ 
tuted trans compounds present the obvious choice. An increase m the 
number of activating groups attached to the doubly bound carbon leads to 
a very fast reaction which renders accurate experimental work difficult with 
available equipment Alpha-beta unsaturated acids have been shown by 
Kharasch* to be free from the complication of a peroxide effect Phenyl 
ethylene reacts faster than ethylene but one may expect the symmetrical 
diphenyl ethylene to be less reactive through the opposing influences of the 
phenyl groups The deactivation, however, cannot be as great as with the 
two carboxyl gioups. Combining with the earlier observations, it was 
expected that a more exact correlation between activation and catalytic 
influence could be obtained The results of the kinetic investigations are 
given below (Figs 1 and 2) (Tables I, IT, III, IV, V and VI). 

• Now at lfo|»r*j College, Beljmm, 
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3 f 3 



I. Uncatalyed Reaction. 

II. III. IV Caialyird rencliona at 35*3 C„ 43* 3C. and 30° 6C 



fta. 2 

I. Uncatalyaad Reaction. 

0. HI. IV. Catalysed reactions at 33" 3 C . 43" C and SO*-33 C 
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Table I 


Concentration of Fumaric acid* , Concentration of Bromine M/30 , Concentration or 
Hydrogen Bromide 11 01 moles % of Bromine . Temperature of reaction : 35*-5 C 



• Not* -After writing up Hus paper, the authors came across the work or P W Robertson 
J r..,T.„r„- nc.H hsnivni to he one of the comnounds studied The bearing of that 


on the present work will be considered in a later communication 

Table TT 


Concentration of Fumaric aud . Concentration of Bromine M/30 . Concentration of 
Hydrogen Bromide II 01 moles "'of Bromine, Temperature of reaction 43“C 



Table III 

Concentration of Fumanc acid . Concentration ol Bromine M/30 , Concentration of 
Hydrogen Bromide 11 01 moles % of Bromine , Temperature 30“ 6 C 



The thermal reaction between Stilbene and Bromine is a fast one and it 
was found that a concentration of M/30 the reachon was completed in less 
than half an hour To bring the speed of the reaction within measurable 
control, it was found necessary to work with concentrations of M/600 
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Table IV 


Concentration of Trans-Stllbcne ; Concentration of Bromine M/600 , Concentration o. 
Hydrogen Bromide 11 01 mole* / Bromine j femperalure 35* 5 C. 



Table V 

Concentration of Sltlbene , Concentration of Bromine M/6'O , Concentration of 
Hydrogen Bromide 11-01 % of Bromine 


1 emperaturr 





16 m 
18 (6 
18 17 


Table VI 


(All valuee refer to 35 5C.) 


Keocnng Olefine 


Crotonic acid 
Tlgllc acid 

Dlmethylacrylic acid 
Fumarlc add 
Allyl Chloride 
,, Bromide 
Stllbene 



Velocity Constant " 

0 038 

0 78 
0 0030 
I S3 
0-73 

0"W (estimated) by 
extrapolation 


It will be noticed that fumaric acid gives a reasonable “ bimolecular ’ 
constant only at about 50° C even though tho proportion of catalyst is th( 
same as that used in earlier experiments. On the other hand, stilbene ai 
3J-? can be considered to behave equally well by the use of Equation 5 o| 
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the biroolecular rate equation and at higher temperature* gives a good 
bunolecular constant Qualitatively, therefore, one may conclude that the 
minimum concentration of the catalyst required for giving a “ biroolecular ” 
constant is greater in the case of an olefine with deactivating groups than that 
of one with activating groups, the limiting value being reached earlier in the 
latter case. 

To get a better picture of the role of activating groups, one can compare 
the limiting value of the constants where possible with the induction periods 
observed or what probably amounts to the same thing, with the minimum 
concentration of catalyst required to give a bunolecular constant 

If one were to plot the values of the “ velocity constant ” at comparable 
concentrations against the induction periods, a curve asymptotic towards 
both axes can be obtained but the experimental values for the purpose has 
still to be obtained. The figures in the table (Table VI). however, clearly 
show the trend expected 

One may then justifiably cousidcr that the rate equation derived in the 
previous part (IV) fits in with the behaviour of both structural influences 
and catalytic influences. 

In Part I of this senes* it was observod that the experimental observa¬ 
tions of Williams 7 on the addition of bromine to ethylene in carbon tetra¬ 
chloride solution showed the characteristics of a chpin reaction and that the 
per cent, reaction-lime curve could be represented by the relation of 
the type: 

x ~- 100 • 

* 1 +e-*» 

It was anticipated then that in the non-polar solvent there is a likelihood of 
a heterogeneous reaction complicating the interpretation The recent 
observations of Robertson and co-workers appears to indicate the presence 
of a definite heterogeneous reaction in this solvent AU observations m 
acetic acid, however, indicate that the reaction in this polar solvent is 
definitely homogeneous. While the polar solvent car, function as an activating 
medium for the reaction, in the case of olefines where deactivating groups 
are present and where the concentration of the added external catalyst Is 
not adequate, the competition between the acetanion and the bromide ion 
in the latter steps in the reaction may slow down the rate and the reaction- 
time curve simulates one of a degenerate branching chain. This anticipation is 
home out by the uncstalysed addition to fuptaric acid at 35° C- (Fig- 3). 
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I. Theoretical, II Fx^rrimental 

Strict conformity between the theoretical and experimental values may not 
be expected in the initial stages of chain development but the coincidence is 
nonetheless striking. The maximum value of the reaction rate is reached 
when about 50% of the reaction is over, again, conforming to Semenoff’s 
generalisations on degenerate branching chains.* It is expected that further 
work in progress will reveal other similar instances 

A word of explanation is necessary for the choice of an aryl ethylene in 
the investigation Competition experiments had shown* that the introduc¬ 
tion of the phenyl nucleus activates the double bond. From the genesis 
of the T-effect, that the location of two groups of this class of substituents 
may bo expected to neutralise each other’s influence, especially if the trans 
form were chosen Unpublished observations of one of us in the competi¬ 
tion experiments (S V A) indicated that this does not take place. The 
present investigations also show that the double bond is definitely activated 
even with two phenyl groups symmetrically located 

Experimental 

The reaction velocities were measured by the usual methods as described 
in Part I, the same accuracy in thermostat control being maintained. 
Bromine was prepared by the method described by Anantakrishnan atid 
Ingold* and its purity tested by the criterion indicated by one of us. 1 Pure 
Fumaric acid (Kahlbaum’s) was repeatedly recrystallised from alcohol to 
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constant melting point 290 9 C in a sealed tube, The substance was stored 
in a vacuum desiccator till used 

Stilbene was prepared from benzoin by the method of Ballard and 
Dehn* and the pure trans form used in the investigation, 

Summary 

A study of the reaction between bromine and fumaric acid and bromine 
and stilbene brought out clearly the validity of the rate equation derived in 
the previous part The uncatalysed addition reaction of fumanc acid 
exhibits the characteristics of a degenerate branching chain. 


1 Anantakruhnan, S V 

2 -and Ingold. C K 

1 -and Vonkatraman R 

4 Ballard and Dchn 
J Robertson and co-workers 

6 Semenoff 

7 Williams 

$ Kharaach and Mayo 


Annamalal University Journal, 1942, 11, 170 
JCS. 1935, 984 

Pror tnd Acad Scl , 1940 12 A, 290 
J ACS, 1932, 54, 3969 
JCS, 1917, 135,1938, 182 , 1945, 129 *c 
Chemical Kinetics and Chain Reactions (O V P) 
p 461 

JCS. 1932. 979 
J ACS., 1931, JS, 2368 
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It is well known that in the treatment of any kinetic problem the activation 
energy is a factor of fundamental importance In any reacting system, the 
reactants and products represent states of minimum potential energy, while 
the transition state must be a maximum in between these limits of minima. 
The reaction involves the breaking of bonds and the formation of new ones 
and the work done in the process constitutes the activation energy When 
the reaction of a scries of similar compounds are studied, the principal 
difference that may be expected is in the activation energy. One cannot, 
however, consider the variation in the other Arrhenius parameter negligible 
as has been demonstrated by the work of Hinshelwood and co-workers •' 7| ' 

Though the number of compounds investigated in the present senes is 
as yet small, one has still to consider these parameters as the influence of 
substituent groups on these is of considerable diagnostic value and is of 
greater significance than any measurement of velocity constants at a single 
temperature Since the reaction in question involves the change of a double 
bond to a single one, rupture of the bond between the atoms of the bromine 
molecule and the formation of car bon-bromine bonds, one may expect a 
more or less constant frequency factor^ while the activation energy shows 
systematic variations. The results of evaluating these and the Log fc/l/T 
curve used for the purpose are given below in Table I and Fig. 1. 

An examination of both the figure and the table clearly shows that 
substituents alter both the energy of activation and the frequency factor 
The activation energy in its turn can be further analysed into the bond energy 

• Now at Llogaraj College, B»l*aum 

t The quantity of ihe Arrhemua equation which It approihmiiely ktlh and hence baa lha 
dimension! of fraqunecy Thu term is preferred to ibe older ‘ probability factor 
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Table 1 



to,to<mmb*r>. I Crdonlc acid 2 Tl|llc acid 3 Dimethyl acrylle acid 4 Fumaric 
acid. 5 Stilbeoe. 

and repulsion energy and substituents can alter either or both of these. 
Hinshelwood, Laidler and Timm* from a study of the same reaction in a 
series of aromatic compounds find that the changes occur only in the bond 
energy. A difference may, however, arise in the present type of reaction 
arising primarily from the nature of the oJefin. 

The ground state of an olefine results from resonance among the 
structures 


'k 4 R/ N Ra 
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and forms <\> x and 0, will have identical energies only in the case of symme¬ 
trically substituted olefines Additive reactivity depends primarily on the 
opening up of the double bond and will naturally depend on the relative 
contribution of the different structures which in its turn determines the bond 
energy as welt as the repulsion energy With unsymmetncally substituted 
olefines the contribution by the ionic structures can be quite appreciable 
and when this is combined with the presence of groups that facilitate 
reaction with electrophilic reagents on account of their influence on the state 
of polarisation of the molecule, the activation energy can be substantially 
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lower than that for the unsubstituted ethylene No experimental data is 
available at present for the activation energy, for the reaction between ethy¬ 
lene and bromine but Sherman 1 * using Eyrtng's method* has evaluated by 
using the transition state method that this has a value of about 23 Kcal 
The expectation is substantiated by our values for the monobasic acids 
studied. A similar reduction in activation energy can be expected with 
substituents of Class 7 (± Tt* which can stabilise the carbomum ion of the 
first stage of bromine addition even if symmetrical disubstituted compounds 
are considered. The results with stilbene clearly bears this out. 

On tho other hand with deactivating groups, an increase in the activa¬ 
tion energy is offset by the resonance energy, so that even with symmetrical 
disubstitution products like fumaric acid, the observed energy of activation 
is not far from the calculated value for ethylene itself 

A dose examination of the log k — 1/T curve of the first three com¬ 
pounds in the table reveals a definite change of slope below 25° C , indicating 
that the reaction is a composite one * The very low value for the activation 
energy in the lower temperature region suggests a termolecular reaction 
changing over to a bitnolecular one at the higher temperatures. This 
feature appears to be independent of concentration changes as may be noticed 
from the fact that this results only m a parallel shift of the log k — 1/T curve. 
(Starred figures in the figure refer to higher concentrations ) The observa¬ 
tions of Robertson andco-workcis 1 * with a number of olefines at 25° C. then 
becomes quite understandable Considerable variations in rate constants 
can be accounted for solely by changes in activation energy but our present 
data are inadequate for a complete analysis Mention should, however, 
be made here of the pronounced catalytic effect of hydrogen halides (or more 
accurately by hydrogen ions) Tho calculations of Polanyi 1 ’ 11 have shown 
that the proton affinity of ethylene is of the same order of magnitude as that 
of water and as such association of a proton prior to the addition reaction 
can be expected to facilitate the change by providing a seat of attack. A 
corollary to this one has to expect that attack by nucleophilic bromine will 
not be facilitated by the same catalyst 

Turning now to the other parameter, namely, the frequency factor, a 
normal second order reaction requires a value of the order of \9 while the 
values in the table show considerable variations from this. A point of parti¬ 
cular interest is the fact that fumanc acid appears to react much faster than 
it should (a bimolecukr reaction with an activation energy of 20 Keal. 
should give a rate constant of the order of KH* with 3 frequency factor of 
normal value but observed values are much higher. The remaining four 
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compounds react with bromine at rates that bring them under the category 
of “ slow ” reactions. This is only to be expected when one considers the 
nature of the reaction. For the reaction to take place, encounters have to be 
made between molecules possessing the requisite activation energy. Secondly, 
the initiation of attack is by an electrophilic reagent. Further, the encounter 
between the reactants must be in the right phase in the region of the double 
bond- As a first approximation, one can consider that the ratio of the 
num ber of effective collisions, 2 *. to the total number of collisions calculated 
in the usual manner, z, will be proportional to the area of the strip cut on 
the spheroid of the dimensions of the molecule by two parallel planes per¬ 
pendicular to the direction of the reacting bond, a„ to the total area of the 
surface of the spheroid, a. Taking the surfaces as functions of the square of 
bond distance r, and major axis of the ellipse r„, we have 


Taking into account the fact that the rate determining step in the reaction 
involves only one of the two doubly bound carbon atoms, this ratio should 
be halved in the present case All the compounds studied here have major 
axe* of the order of 6 - 11 A while the carbon-carbon double bond distance 
is only 1-33 A. As a consequence, the frequency factor may be expected 
to be reduced from 10* to about 10*, a value not far from the ones obtained 
A further complication that one has to consider in the study of unsatu- 
rated compounds of the polysubstituted olefine group is the isomerisation 
of trans compounds to the cis form. This complication is absent only in 
the case of /J£-dimethylacrylic acid in the present series. Unpublished 
observations of the authors indicate that els crotomc acid is less reactive 
than the trims while maleic acid is considerably more reactive than fumanc 
acid. It is well known that halogens facilitate the interconversion of these 
stereoisomcnc forms 1 '• and this can easily account for the observed ano¬ 
malies in the frequency factor. Another contributory cause for reduction 
in the frequency factor is the composite nature of the reaction 

In x number of reactions, a close correlation is observed between log 
PZ and 1/E**’ and a similar relationship may be looked for in the present 
reaction also. For the sake of comparison the product of these two quanti¬ 
ties has been taken for Table II. 
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Table II 



It will be observed that the product is constant within the limits of experi¬ 
mental error, the exception being provided by fumanc acid The signi¬ 
ficance of this can be considered only after a fuller investigation. 

Summary 

An analysis of the Arrhenius parameters for the addition reaction indi¬ 
cates that the reaction is a composite one and of the " slow ” type The 
influence of substituents on the energy of activation and on the frequency 
factor is discussed and the abnormal values of the latter are accounted for 
A close correlation is also noticed between the two 

One of the authors (R V) thanks the authorities of the Annamalai 
University for giving the necessary facilities for experimental work. 
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CHEMICAL EXAMINATION OF THE 
BARK OF ALANOIUM LAMARKII THWAITES. 
ISOLATION OF THE ALKALOID ALANGINE 

Bv Dharam Bal Parihar and Prof Sikhibhushan Dutt 

(Chemistry Department, Delhi University) 

Received Jinuary 26, 1946 

Alangium Lamarkii or Ankula as it is known in Bengali and Sanskrit, and 
Akola in Hindi, is a small handsome evergreen tree belonging to the Natural 
Order of Alangiace* It is met with throughout India, often growing Wild, 
but sometimes cultivated as an ornamental garden plant for the beautiful, 
narrow, oblong and prominently reticulated leaves and white wax-like 
glossy flowers It is particularly abundant m Chota Nagpur, Onssa, Andhra 
districts, Central Provinces, United Provinces and South-Eastern Punjab. 

The plant is highly medicinal. According to Kirtikar and Basu, 1 the 
root is acrid, bitter, slightly pungent, heating, anthelmintic, alterative It 
cures erysipelas, biliousness, inflammations and snake bites and acts like 
a fish poison. The bark is emetic, alexipharxmc and cures cough, rheumatism, 
pam, inflammations, biliousness, diseases of the blood, hydrophobia, rat- 
bite, lumbago, dysentery, diarrhoa and worms. The seeds are cooling, 
aphrodisiac, indigestible, tonic, nutritive and laxative They cure burning 
sensations, consumption, haemorrhage, biliousness, erysipelas, cough and 
1088 of appetite. They have also a reputation in the cure of leprosy. 

The seeds of the plant have already been worked out by Bhargava and 
Dutt,* who isolated from them an interesting sterol having a molecular 
formula C 4J H, t Ot. which they named ‘ alangol ’. Very little fixed oil was 
found in the seed and no otheT constituent could be detected 

The bark of die plant has not yet been properly worked by anyone. 
Dymock* has reported the presence of an uncrystaflisable alkaloid which 
could not be obtained in a pure form According to him all the salts of the 
base are uncrystallisable. On ignition, the platinum salt gave 20 70% of 
plat inum from which the molecular weight of the base was found to be 
265-9. No farther work has been done by any one on this subject. 

The present authors working on the bark of the plant have been able to 
isolate an alkaloid crystallising in glistening, yellow prisms and melting at 
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205-08® C The molecular formula of the substance which has been named 
‘ alangine * was found to be C„H,»0,N, and it behaved like a mono-acid 
base with one methoxy group, There was an indication of an alcoholic 
hydroxy group due to the formation of acetyl and benzoyl derivatives, but 
they did not give good analytical results, 

Alangine is strongly basic in nature and forms well-defined and crystal¬ 
line hydrochloride, iodide, oxalate, tartrate, mtrosate and lodomethylate 
It is a tertiary base but does not contain any > N-CH, group as by Herzig 
and Meyer’s method no indication of such a group in the molecule was 
obtained. 

Alangine is present m the bark of Alangtum Lamarkii to the extent of 
0-1%. The bark besides containing alangine also contamB a fair proportion 
of colouring matters, potassium nitrate, gum, etc Fresh bark has been 
found to contain a greater proportion of alangine than the bark which has 
been stored for some time. The chemical properties and reactions of 
alangine correspond to no known alkaloid. So it must be a new compound. 

Experimental 

Extraction of the bark with different solvents 
20 gm. of the finely powdered bark were extracted with different 
solvents in a Soxhlet’s apparatus, the solvent evaporated and the residue dried 
to a constant weight The percentage of the extract by each solvent is given 



1505 
13-98 
8 22 
2-96 
3 01 
115 


In each of the above extracts the reactions of an alkaloid was given by 
all the alkaloid reagents. The extracts were also extremely bitter m taste 


Isolation of the alkaloid 


200 gm of the air-dried powdered bark were repeatedly percolated 
with acidulated water (0-5^ HQ) at the ordinary temperature until die last 
extract obtained did not give any appreciable precipitate with DragcndorfTs 
reagent. The extract gave die following reactions with various alkaloid 
reagents:— 
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(1) DrtgendorfFi reagent .. Thick orange precipitate. 

(2) Wagner’s reagent .. Thick brown precipitate 

(3) Meyer’s reagent Deep yellow precipitate. 

(4) Phosphotungstk acid .. Bright yellow precipitate. 

(5) PhosphomolybdK acid .. Thick yellow precipitate 

(6) Platinic chlonde .. Yellow precipitate. 

(7) Auric chloride .. .. Yellow precipitate. 

(8) Tannic acid ■ Buff coloured precipitate. 

(9) Picric acid .. Yellow crystalline precipitate. 

(10) Chromic acid .. Yellow-brown precipitate 

(11) Sodium carbonate .. Yellow precipitate (Free alkaloid). 

(12) Cone. Sulphuric acid .. Light brown colouration. 

(13) Luchmi’s reagent .. Yellow-brown-violet-green. 

(14) Erdmann’s reagent .. Violet-orange. 

(15) Cone. Nitric acid .. Light violet. 

(16) Frode’s reagent .. .. Violet, changing to yellow. 

The total extract was neutralised with dilute sodium carbonate and the 
resultant thick yellow precipitate filtered off. Washed With Water and dried 
in tho air. It was then extracted With hot ammomated alcohol (0 5%) and 
the extract after neutralisation with acetic acid, evaporated to a syrup under 
reduced pressure The syrupy material was then extracted with ethyl acetate, 
and the ethyl acetate extiact after concentration, precipitated with a mixture 
of ether and petroleum ether (2 • 1) The resulting granular yellow precipitate 
was filtered off, washed with petroleum ether and then further purified by 
repeatedly dissolving it in chloroform and reprecipitating with ether The 
purified alkaloid Which was thus obtained as a bright yellow powder was 
finally crystallised from a mixture of chloroform and ether and the process 
repeated a number of times until no further rise in the melting pomt was 
noticed. The base was thus obtained in the form of glistening yellow elon¬ 
gated prisms melting at 205-08° C. with decomposition 

It is sparin gly soluble in cold water but more so in the hot. It is easily 
soluble in alcohol, ethylacetate, acetone, chloroform, carbon disulphide and 
pyridine but is quite insoluble in benzene, ether and petroleum ether. An 
aqueous solution of the alkaloid is extremely bitter to taste and is famtly 
basic towards litmus, phenolphthalein and methyl-orange. The substance 
is optically active, showing [aju*** « + 9° in alcohol. A microphotograph 
of the alkaloid is given showing its finely crystalline form. Found: C - 
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75 92, 76 02%; H -8 54, 8 48%; N -4-75, 4-82% (Duma**); 4-47, 

5 04% (Kjeldahl); M.W. =296,304,297 (Raifa Camphor method!; 
307,297 (Ebullioscopie m Chloroform); 297 6, 292-3 (lgmtion of the chloro- 
platinate); 290 -6, 304 0 (ignition of the Chloroaunate); C„H„0,N requires 
C -76 25%, H =-8-36%, N =4-68%; M.W. -299 

The alkaloid contains one methoxyl group in the molecule. (Found: 
OCHj — 10-45, 10 25, 10 42 by Zeiasel’s method C M H M ON OCH, 
requires OCH, -10-36%.) The absence of N-methyl was confirmed. 

Preparation tff the salts of the alkaloid 
Alanglne hydrochloride ^-The hydrochloride of the base was prepared 
by dissolving it m alcohol and treating With a slight excess of warm alcoholic 
hydrogen chloride On cooling and adding a little ether to the solution, 
the hydrochloride was obtained as yellow crystalline prisms, melting at 
264° C It is easily soluble in water and ordinary organic solvents except 
benzene, ether and petroleum ether. (Found: Cl —9-94; Cu^C^N 
HQ requires Cl =-10-58 per cent,) 

Alanglne sulphate— This was obtained by adding alcoholic sulphuric 
acid tp an alcoholic solution of the base, and diluting tho mother-liquor 
slightly with ether. The sulphate came down as a light yellow powder 
qipl^ng «t 118° C. The salt is sparingly soluble in cold water but is readily 
soluble in alcohol, chloroform and acetone, It is insoluble m ether, benzene 
and petroleum ether. (Found: S =*-4-59, 4 71; (C 1( H — 0,N),H,S0 4 
requires S =— 4 • 6P%) 

Alanglne nitrate .—'This was obtained in a similar way as the hydro- 
blonde and the sulphate, from alangme and alcoholic nitric acid It is a 
yittow crystalline powder melting at 176° C. The properties of this sub¬ 
stance are similar to those of the other inorganic salts. 

Alangme iodide —To a hot aqueous solution of the chloride wa. added 
a concentrated solution of potassium iodide The iodide separated as a 
deep yellow crystalline precipitate. It was recrystallised from ether-alcohol 
mixture in the form of yellow prisms melting at 178®C with decomposition 
The substance is sparingly soluble in water but readily in alcohol. It is 
insoluble in ether and petrol ether. (Found: I -29-38; C lt H B O t NHI 
requires I -29-74%.) 

Alanglne acetate, tartrate ana oxalate .—These were prepared by the 
action of alcoholic acetic, tartaric and oxalic acids on alcoholic solutions 
of alanginc. They are all yellow, crystalline substances with properties 
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simitar to those of the chloride. Alangine acetate melts at 202° C, tartrate 
at 220® C. and oxalate at 89 s C. 

Alangine picrate.— To a solution of the base in dilute hydrochloric acid 
was added a saturated aqueous solution of picric acid when a light-yellow, 
crystalline powder came down This was recrystallised from ether-alcohol 
mixture in glistening flakes, melting at 84° C. It is soluble in alcohol, chloro¬ 
form, ethyl acetate and acetone and sparingly in benaene. It is insoluble 
in ether and petrol ether. (Found: N =" 10-34, C tt H w O,N< requires 
N =» 10-60%.) 

Alanglne-iodomethylate - To a solution of the base (1 gm) in chloroform 
(3 c c), methyl iodide (1 c c) was added and the mixture strongly cooled 
On allowing to stand for about two hours, a deep yellow crystalline substance 
separated out This was filtered, washed with chloroform and dried under 
vacuum at room temperature (21® C) It melts at 201® C with decompose 
tion. (Found. I -28-53; C K H,,OjqI requires I -28-79%.) 

The quaternary salt is very soluble in water and alcohol, but the solu¬ 
bility decreased m the order—ethyl acetate, chloroform, acetone and benzene. 
It is completely insoluble in ether and petrol ether. 

Summary and Conclusion 

1. From the bark of Alangium Lamarkli Thwaites, a new alkaloid 
has been obtained crystallising in .long yellow glistening pnsms. m p 205— 
08" C The molecular formula of the alkaloid has been found to be 

This has been named “ Alangine ” 

2. The alkaloid has been found to be a monoacid base containing one 
methoxy group but no > N-CH, group. 

3. The alkaloid which is dextrorotatory easily gives crystalline salts 
with organic and inorganic acids and the hydrochloride, sulphate, nitrate, 
iodide, acetate, tartrate, oxalate, picrate and lodomcthylate have been pre¬ 
pared and described 
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COLOUR IN RELATION TO CHEMICAL 
CONSTITUTION OP THE METALLIC 
DERIVATIVES OF ISONITROSODIPHBNYL- 
THIOBARBITURIC ACID 

By Inder Raj Gambhir and Rajendra Pal Siscm 

Dtperlmtid, D*M UaUtntty) 


Vjoujrjc acID and its highly coloured organic and inorganic salts have been 
investigated from the point of view of colour in relation to chemical consti* 
tution by »• large number of workers. Hartley, 1 Hantzsch, 1 Meek and 
Watson* have shown that the greater the basic character of the base, the 
greater is the intensity of the colour of the salt formed 

The next interesting work in this connection was done by Lai and Dutt 4 
who took up the study of isonitrosothiobarbituric acid or thiovioluric acid 
which was prepared by them for the first time by the action of nitrous acid 
on thiobarbitunc acid. The alkali and organic salts of this compound were 
found to be highly coloured substances, far more so than the corresponding 
salts of violunc acid, which was due to the introduction of a sulphur atom in 
place of an oxygen atom. The effect of sulphur on the colour of the organic 
compounds and dyestuffs was previously noticed by Purvis, Jones and Tasker,* 
who noticed that the thio-oxalates of alkalies are yellow in colour whereas the 
corresponding oxalates are colourless. Further Lai and Dutt examined the 
absorption spectra of thioviolurates and also the dissociation constants of 
a number of them which were soluble in water, but on comparing the results 
thus obtained, they came to the conclusion that the colour of thioviolurates 
ia not intimately connected with electrolytic dissociation and in fact, intense 
colours were possessed by compounds which were altogether insoluble in 
water or hydroxylic solvents and whose absorption spectra had to be deter¬ 
mined in acetone or chloroform solutions. 

As a result of the work of Lai and Dutt cm thiovioluric acid, Prakash 
and Dutt* thought that any further loading of the molecule of violuric acid 
by heavy substituenta might lead to further accentuation of colour. They 
prepared aym-dipbenyl-vJoluric acid and showed that the organic salts 
derived from weak bases like pyridine and aniline have colours no lea 
intense than the alkali salts. The possibility of molecular ionisation having 
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been ruled out, the most reasonable explanation of the origm of colour in 
these oompounds was thought to lie in a fundamental change in the consti¬ 
tution of the molecule on salt formation in accordance with the theory of 
colour on the basis of molecular strain advanced by Dutt.* • 


The present authors prepared the inorganic salts of diphenyl-thio- 
violuric acid and found accentuation of colour in accordance with the above 
theory. The deepening of colour during salt formation lies in a change in 
the structure of the molecular from the oximino-ketonic to the mtroso- 
enolic form Which is more strained according to the theory of colour on the 
basis of molecular strain, advanced by Dutt. The organic salts of diphenyl- 
thiovioluric acid have already been worked by Dass and Dutt.* 


/ V 

cs c« 

\ / 

C,H,K--CO 

" Oxlmino kttonlc to 


/ 


—C(OH) 

v» C-N-O 

\ / 

C.H.N-CO 

“ Nltro*o-«iollc form ” 


Theoretical considerations show that the metallic salts of diphenyl- 
thioviolunc acid are probably of the nature of internally complex compounds. 
The acid molecule in its mtrosoenolic form contains one replaceable hydrogen 
which is replaced by the metal atom during salt formation. 


The possibility of inner complex salt formation arises wherever acidic 
and donor functions (such as amino, carbonyl, etc., groups) are suitably 
placed in the same molecule, te., in 1:4 or 1:5 position to one another. 
This is the case with diphenyl-thio-violuric acid where nitrogen atom of the 
mtroso group can act as a donor and bring about ring-formation Their 
stability, low melting points, solubility in organic solvents also support the 
view that they are inner complex salts. The salts of bi and bivalent metals may 
be given the following general formulae where M is the metal atom:— 
/C.H. 



y.A. 

Experimental 

Preparation of diphmylthtoviohtric add.—A. mixture of thiocarbanilide 
(10 gm.), malonic acid (6gm.) and acetyl chloride (9 ex.) was heated on a 
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water-bath under reflux for about half an hour. The *olid yellow mass was 
broken up, ground with water in a mortar, filtered, washed, dried and 
crystallised from glacial acetic acid when yellow needles of mp. 245° C 
Were obtained. 

Diphenyl-thiobarbitunc acid as obtained above (20 gm) was dissolved 
m KOH solution (5%) and a solution of sodium nitrite (20 gro) in minimum 
quantity of water was added The mixture was filtered, cooled in ice and 
gradually acidified with ice-cold dilute sulphuric acid The light buff- 
coloured precipitate was allowed to stand overnight, filtered, washed with 
water and dried and crystallised from boiling glacial acetic acid when it Was 
obtained in glistening prisms melting at 227° C 

Preparation of the metallic salts .—The ammonium salt was prepared 
by adding concentrated ammonia to a saturated solution of the acid in 
acetone till slightly alkaline, When the ammonium salt was obtained as 
a bluish-grey glistening crystalline precipitate which after drying was 
recrystallised from Water. 

Other salts were prepared by adding a solution of a salt of the metal 
whose salt was to be prepared to a solution of the ammonium salt in water 
when the metallic derivative was thrown down as a precipitate This Was 
washed with hot water, crystallised from acetone and the percentages of 
metal and sulphur were estimated by the usual methods 

The silver salt is photo-sensitive and decomposed very slowly on keep¬ 
ing. Other salts are quite stable and melt above 200° C with decomposi¬ 
tion. All the salts of diphenyl-thiovioiuric acid possess beautiful crystalline 
structure and are highly soluble in acetone and less so in alcohol or ether 
The absorption maxima of a number of them were also found out. 

Summary and Conclusions 

1. The metallic salts of iro-nitroso-diphenyl-thiobarbitunc acid have 
been prepared for the first tune with a view to study their colour in relation 
to chemical constituents. 

2. The change of colour from yellow to blue or green has been shown 
from theoretical considerations to be due to a fundamental change m the 
constitution of the molecule from an oximino-ketonic to a nitroso-enolic 
structure. 

3. The change in structure produces a true nitroso group which from 
the point of view of the theory of colour on the basis of molecular strain. 



334 Inder Raj Gambhir and Ityeodra Pal Singh 

ha» been shown to be a highly strained group which thus give* intense colour 
to the salts. 

4. From theoretical considerations, the salts appear to be internally 
complex compounds and structural formula have been given on this basis. 

The authors wish to express their indebtedness and sinoere thanks to 
Prof S. Dutt for his kind interest in the work. 
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1-NITRO-2-HYDROXY-3-NAPHTHOIC ACID 
AND ITS DERIVATIVES 

By G. V. Jadhav and S. N. Rao 
(Dtpartment of Orpmk ChtmUtry, Xoyol InrtkvU of Seta**, Bombay) 

Received December 22, IMS 
(Common>c«t*d by Prof. R. C Sh«h, t sac.) 

6-NrntO-2-HYDROXY-3-NAPHTHOic acid w obtained by the nitration of 
leammo-2-hydroxy-3-naphthok acid or its diazo-oxide and subsequent 
elimination of the ammo or diazo group (I. G. Forbcnind. A G., Ger 623496; 
General Aniline Works, U.S. 2040587; I. G. Forbcnind. A. G.. Bnt. 445278). 
This l-amino-2-hydroxy-3-naphthoic acid has been prepared by various 
indirect methods (Mohlau, Ber , 1893, 26, 3066; Mohlau and Kricbel, Bcr, 
1895, 28, 3091; Weil and Heerdt, Ber., 1922, 55, 22©. Robertson (J pr.ch, 
1893^ (2), 48, 534), however, claims to have obtained it by the reduction of 
l-nitro-2-hydroxy-3-naphthoic acid which in its turn is obtained by the 
nitration of 2-hydroxy-3-naphthoic acid, but no experimental details are 
available and the melting point of the nitro acid given by this author is 
233-38° which is quite different from the one described here (246-48°) and 
therefore his nitro acid may not be pure. 

Later Gradenwitz (Bcr., 1894, 27, 2623) nitrated methyl 2-hydroxy-3- 
naphthoic acid and got simple phthalic acid by the oxidation of the nitro 
derivative obtained. He thus proved isonuclear positions of -OH, -COOH 
and -NO* groups, but he did not definitely name the susbtance. But the 
only possible position taken up by the mtro group, according to the directing 
influences of -OH and -COOH groups, is 1 only. His nitro derivative must, 
therefore, be methyl l-mtro-2-hydroxy-3-naphthoete. 

In the present work the methyl and ethyl esters of 2-hydroxy-3-naphthoic 
add are nitrated according to Gradenwitz (he. cil) and free acid is obtained 
by hydrolysis with alooholic potassium hydroxide. 1 -Nitro-2-hydroxy-3- 
naphthok acid melts at 246-48°. 

The ethyl ester of the nitro acid has the melting point 155-56°, identical 
with that described by Meisenheimer, Theilcker and Beifiwenger (Ann., 1932, 
495 * 275) who have not given experimental details. 
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The acid chloride of l-nitro-2-hydroxy-3-naphthoic acid is easily obtained. 
From this acid chloride, some derivatives like ethyl esters and arylanudes 
are prepared from aniline, o -, m-, and p-toluidmes and o-, p-, anisidines. 

Experimental 

\-Nitro-2-hydroxy-3-naphthoic acid.—A mixture of methyl l-mtro-2- 
hydroxy-3-naphthoate (or the ethyl ester) (10 g). rectified spirit (50c.c) 
and potassium hydroxide (100 c c of 2N) was refluxed on boding water- 
bath for about two hours. The acid, that separated on acidification, was 
crystallised from dilute alcohol in shining yellow needles, m.p. 246-48°. 
(Found: N, 6 0%; CuH,0,N requires N, 6 0%.) 

1 -mtro-2-hydroxy-3-naphthoyl chloride —A mixture of l-mtro-2-hydroxy- 
3-naphthow acid (I g), phosphorous pentachloride (2 g) and dry chloroform 
(25cc) was refluxed on boiling water-bath until a clear solution was 
obtained. On cooling the reaction mixture, the acid chloride separated m 
brownish yellow needles, which were filtered and washed with dry petroleum 
ether and dried under vacuum over phosphorous pentoxide, m p. 168-70°. 
(Found: Cl, 14-2%. C u H.O«Na requires Ci, 14-1%) 

phmyl-\-nUro-2-hydroxy-l-naphtho<tte.—\X. is prepared by heating to¬ 
gether a mixture of acid (2 g ), phosphorous oxychloride (1 c c) and phenol 
(2 g.) at 140-50° until effervescence ceases The mixture is cooled, diluted 
with water and washed. 

Table I 

Derivatives of \-nitro-2~hydroxy-3-naphthoic acid 




i-NUrO't-tiydroxy'i'ttaphthoic Acid and Its derivatives S$1 

The arylamides are prepared by leaving the mature of the amine and 
acid chloride in presence of dry benzene for an hour and washing the solid 
obtained with dilute hydrochloric acid after the removal of the solvent. 
They are crystallised from glacial acetic acid. They are described in 
Table 1. 

Summary 

Free l-nitro-2-hydroxy-3-naphthoic acid is isolated, its acid chloride, 
phenyl ester and anilide, o-, m-, p-toulidides and o~ and p-anisidides are 
prepared. 



THE ACTION OF HEXAMETHYLENETETRAMINE 
ON THE METHYL ESTERS OF 
PHENOL-CARBOXYLIC ACIDS 
Part V. The Derivative* of 2: 4-Dihydroxy3 Forniylb*n*oic Add 
BY R D. Desai, (Miss) K S. Radha and R C Shah 

(From the Department of Chemical Technology , University of Bombay, and the 
Chemistry Department, Royal Institute of Science, Bombay) 

Received February 4, 1946 

Thb preparation as well as the characterisation of 2 4-dihydroxy-5-fomyl- 
bcnzoic acid has already been described by Desai and Radha. 1 Some of its 
important and interesting derivatives are being described in this communica¬ 
tion. Attempts to esterify the carboxyl group by Fischcr-Spcier method 
resulted in the formation of some colouring matter. The action of either 
dlazomcthane, or dimcthylsulphatc in an alkaline medium or the action of 
methyl iodide on the silver salt of the acid resulted in the methylation of only 
one of the hydroxyl groups, and various other methods of methylation failed 
to give the drmothoxy derivative. The monomethoxy derivative may be 
either 2-methoxy-4-hydroxy-5-formylbenzoic or 2-hydroxy-4-methoxy-5- 
formylbenzoic acid. 

Nitration of 2:4-dihydroxy-5-formylbemtoic acid gave a mixture of 
2. 4 -dihydroxy- 5 -nitrobenzaldehyde and 2 • 4-dihydroxy-3 : 5-dimtrobenzoic 
acid, and it was not possible to isolate the nitro-denvativc containing both 
the formyl and carboxyl groups in tact. 

Clemxnenson reduction gave readily 2:4-dihydroxy-5-methyI-benzoic acid, 
while (nomination of the aldehyde acid under various conditions gave a 
bromo-denvativc which gave too low values for the halogen. Acetylation 
of the aldehydo acid with acetic anhydride in presence of either pyridine or 
anhydrous sodium acetate gave only the dl-acetoxy derivative, not a trace of 
the coumarin which was expected in the latter method being formed. 

Condensation of the aldehydo acid with ethyl malonate and ethyl aoetoace- 
tate by Knoevenagel’s method gave respectively 3-carbcthoxy-6-carboxy-7- 
hydroxy coumarm and 3-acetyl-6-carboxy-7-hydroxy coumarin, the alkaline 
solutions of which gave blue fluorescence. The formation of these two 
coumarin derivative* furnish the additional proof to establish the 5-position 
of the formyl group. 

m 
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Experimental 

Me thy tat Ion of 2 A-dihydroxy-S-formyibenioU acid and formation of 
2 or 4-methoxy-A or 2~hydroxy-S~formylbemolc acid.— To the aldehydo-acid 
(lgm.) dissolved in potassium hydroxide (lOOcc of 20%), dimethylaulphate 
(20 c c ) was gradually added with shaking and warmed on the water-bath 
for one hour. The yellow, flocculent precipitate obtained on the acidifica¬ 
tion with hydrochloric acid crystallised from methyl alcohol in small yellow¬ 
ish needles, m.p 246-47 Tt gave an intense red coloration with alcoholic 
ferric chloride (Found: C, 54-8; H, 3 9, C,H,H, requires C, 55 1; 
H, 4 0 percent) 

Nitration of 2 • 4-dthydroxy-5formylbenzoic acid and formation of 2 4- 
dikydroxy-5-nitrobenzaldehyde and 2 A-dihydroxy-3 S-dinitro-benzoic acid.— 
Concentrated nitric acid (15 c c.) was gradually added With constant 
stirring to the solution of the aldchydoacid (2g) dissolved m concentrated 
sulphuric acid (10 cc.), and left in a frigidaire overnight The solid that 
separated out was filtered, washed and crystallised from dilute alcohol in 
long, lustrous, golden-yellow needles, mp 146-47° It did not dissolve in 
sodium bicarbonate solution, )>ut readily reacted with 2.4-dinitrophenyl- 
hydranne and identified as 2 ■ 4-dihydroxy-5-mtrobenzaIdehyde of Gatter- 
mann.* (Found: N. 7 4; C,H,O.N requires N, 7-7 per cent) 

The 2: A-dinUrophenylhydrazonc prepared in the usual manner crystallised 
from glacial acetic acid in small, orange needles, m.p. 258° (dec) (Found: 
N, 19 5; C JS H,0,N, requires N, 19 3 pm cent.) 

The filtrate from which the nitTo-aldehyde was removed was diluted 
with water, salted, and extracted with ether. On the removal of the solvent 
.mall yellow crystals of a solid, m p 195-96°, were obtained It dissolved 
in sodium bicarbonate solution with effervescence, but did not react with 
2.4-dinitrophenylhydrazone, and was identified as 2.4-dihydroxy-3.5- 
dmitrobenzoic acid by comparison with an authentic specimen prepared by 
Hemmel Meyer’s* method (Found N, 112; C,H«0,N» requires N, 
11-5 per cent) 

2. d-Dthydroxy-5-methytbenzoic acid was prepared by adding the alco¬ 
holic solution of the aklehydo acid (2 g) to amalgamated zinc (40 g.) and 
dilute hydrochloric acid (50c.c.) and warming the mixture on the water-bath 
for 2 hours The hot liquid deposited small needles, m.p 163-64° C 
(Found: C. 58-2; H, 4 5; C,H,0« requires C, 58-3; H 4 8 per cent) 
2: 4-Dtacetoxy-5-formylbenzoic acid was obtained by heating the mixture 
of the formyl acid (lg.), acetic anhydride (lOc.c) and pyridine (3 drops) 
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on a sand-bath for four hours. The pasty maw obtained on pouring the 
mixture into water crystallised from dilute alcohol in long, colourless needles, 
mp. 158-59° C. and did not give any colouration with alcoholic ferric 
chlonde. (Found. C, 53 8, H, 3 8; C 1# H„Q, requires C, 541, H, 
3-8 per cent.) 

Ethyl l'hydroxy-6tcarbuxy-coumarin-i-carboxylat (■—A mixture of the 
aldehydo acid (2g.), ethyl malonate (2g.), pyndme (20c.c.) and pipendine 
(4-5 drops) was kept overnight after heating on the water-bath for one hour. 
The pasty solid obtained on the addition of dilute hydrochloric add crystal¬ 
lised from alcohol in pale-yellow needles, m p 235-36° C. (Found: C, 
57 0; H. 4 2, C u H„0, requires C, 56 7, H, 3 9 per cent.) 

7- Hydroxy-6-carboxy-3-acetvicoumarm was obtained by heating the 
mixture of the formyl acid (1 gm.), ethylacetoaoetate (1 g ), pyridine (lOc.c.) 
and piperidine (4 drops) on the water-bath for one hour and keeping the 
mix ture overnight. The solid obtained on acidification with dilute hydro¬ 
chloric acid crystallised from dilute alcohol in needles, mp. 167-68° C. 
The alcoholic solution of this substance as well as the one described above 
gave a reddi6h-brown colouration with alcoholic ferric ohloride. (Found: 
C, 58-2; H, 4 0; C, a H,0, requires C, 58 1 ,* H. 3 8 per cent.) 

Summary 

Some important and interesting derivatives of 2:4-dihydroxy-5-formyi- 
benzoic acid have been prepared 
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Studies in naphthalene series 
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IN continuation of our work in this senes, we have studied the preparation 
and the properties of l-stearyl.-l-palmityl-, and l-lauryl-2-napthob, and 
many interesting results have been obtained l-steaiyi-2-napthol (I, R 
= Ct 7 H*») was readily obtained by the application of the Nencki Reaction 
to jJ-naphthol and stcanc acid This hydroxy-ketone which did not give 
any colouration with alcoholic ferric chloride was characterised by its 
p-nitrophenylhydrazone, and was methylated to 2-methoxy-l-stearyl- 
naphthalenc The Clcmmenson reduction gave exclusively l-octadecyl-2- 
naphthol, unaccompanied by any neutral hydroxylic product 

The Kostanecki acylation with acetic anhydride and sodium acetate 
gave 2-methyl-3-hexadecyl-l: 4-^-napthapyronc (n), the alkaline hydrolysis 
of which gave the original ketone (I) The condensation of the ketone (I) 
with ethylbromacetatc gave ethyl 1 -stcaryl-/?-naphthoxyacetate (III, R « 
C^Has), which on treatment with sodium ethoxide in absolute alcoholic 
solutton gave 2-carbethoxy-3-hepadecyl-/3-naphthacoumarone (IV, R C J7 H»), 
the corresponding acid of which on decarboxylation yielded 3-heptadecyl-/?- 
n a ph thacoumarone (V, R 

The preparation and properties of 1-palmitylsmd l-lauryl-2-naphthols 
being « irn ’l*r to those of l-stcaryl-2-naphthol have been fully described in 
the expertmental portion. 

Experimental 

USttaryl-2'naphikol. —An intimate mature of steanc acid (19 g.). 
jJ-naphthol (7g.) and powdered anhydrous anc chloride (7 g.) was heated in 
an ml-bath at 180* C. for three hours. The warm product was poured into 
water containing some dilute hydrochloric acid, and the precipitated solid 
was filtered off and washed with water. It was then treated with 5% sodium 
bi c arbona te solution to remove the unreacted steanc acid. The pure 
product crystallised from alcohol in white lustrous, small needles, m.p. 
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125-126° C (depressed to 90-91° by /J-naphthol). Its alcoholic solution did 
not give any colouration with ferric chloride It was insoluble m dilute 
caustic soda solution, but soluble in most of the organic solvents (yield => 
30 p.c) (Found: C. 81 7, H, 101, C tt H 4 ,0, requires C, 81 9; H, 
10 2 per cent) 

The p-nitrophenylhydrazone was prepared by heating the ketone (0 5 g.) 
and 4-mtrophenylhydrazine (0• 5gm) in. alcohol (20cc) under reflux for 
six hours. The hydrazone crystallised in reddish lustrous plates m.p 
260-61°C (Found. N. 7 5; C S4 H„N a 0 3 requires N, 7 7 per cent) 

1 -Stearyl-l-methoxy-naphthalene —A mixture of l-stearyl-2-naphthol (1 g.) 
anhydrous potassium carbonate (2g.) dimethyl sulphate (5c.c) and dry 
acetone (20c.c.) was refluxed on water-bath for 6 hours. The solution was 
filtered and after the removal of acetone the methylated product crystallised 
from petroleum ether in white, lustrous needles, m.p 72'73°C (Found - 
C, 82-2; H, 10 2; C„H 44 0, requires C. 821; H, 10 4 per cent) 

Clemmcnson reduction of 1 -suwyl-2-naphthol-preparatlon of \-Ocladecyl 
2-naphthot —A mixture of dilute hydrochloric acid (1:1; 35c.c.), amalga¬ 
mated zinc (5 g.), and l-stearyl-2-naphthol (lg) dissolved in alcohol 
(20 cc), was heated on sand-bath under reflux for 6 hours The cold 
mixture was diluted with water and extracted with ether. The ethereal 
layer was extracted with alkali, and the alkaline solution when acidified 
gave a white product which crystallised from alcohol in white plates, 
mp. 75-76°C. (Found: C, 84-5, H, 11 3; C M H 44 0 requires C, 84 4, H, 
11-1 per cent.) 

Kostanecki reaction with l-stearyl-2-naphthol and formation of 2-methyl- 
i-hexodecyl- 1: irfl-naphthapyione —A mixture of l-stcaryl-2-naphthol (lg), 
powdered anhydrous sodiumacetate (lg) and acetic anhydride (10cc) 
was heated in an oil-bath at 175-180° C for 14 hours and then poured in 
water. The white product which separated out was crystallised from alcohol 
In white, lustrous, small needle, m.p 79-80° C It Was soluble in usual orga¬ 
nic solvents and dissolved in concentrated sulphuric acid giving a reddish 
brown colour. (Found: C, 82 8; H, 9 6, C m H 4 ,Oj requires C, 82 9; 
H, 9*7per cent) 

Hydrolysis of the pyrvne to xtearyl-2-naphthol —The pyrone was boiled 
with 10 per cent, alkali under reflex for three hours. On acidifying the 
alkalme solution, a white product was obtained, which crystallised from 
alcohol in white needles, m.p. 125-126° C. and was identified as stearyl-2- 
naphthol by mixed m.p. 
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Condensation of \-stearyl-2-naphthol with ethyl bromacetate and the pre¬ 
paration of ethyl -1 -stearyl-p-naphthoxyacetale. A mixture of l-atearyl-2- 
napbthol (4g.), potassium carbonate (1 g), ethyl bromacetate (4 c c.) and dry 
acetone (35 c.c.) was heated on water-bath under reflux for five hours On 
removing acetone, a yellowish brown liquid was obtained which was washed 
with water, extracted with ether, dried and recovered It was a pale-yellow, 
oily liquid bp 279°C (Found. C, 77 4, H. 9 8, C M H„0 4 requires 
C. 77 3; H, 9 7 per cent ) 

Hydrolysis of ethyl -1 -Uearyl-p-naphthoxy acetic acid and the preparation 
of 1 -stearyl-ft-naphthoxy acetic acid —The above ester (1 g.) was boiled with 
10% alcoholic alkali (20c.c) under reflux for three hours. On removing 
alcohol and acidifying the alkali solution, a white product was'obtained which 
was crystallised from alcohol in white flakes, mp. 66-67° C (Fotlnd: C, 
76-8, H, 9 6; C»H 4< 0 4 requires C, 76-9, H, 9-5 per cent.) 

The p-nitrophenyl-hydrasone of the acid prepared by the usual manner 
crystallised from alcohol in deep-red shining plates m p. 220—221 0 C (Found: 
N. 6 9; C.„H„0»N, requires N, 7 0 per cent ) 

Action of sodium ethoxide on ethyl-\-stearyl-fl-naphthoxy acetate and the 
preparation of 2-carbethoxy-2-heptadecyl-p-naptha coumarone,—The 0-naph- 
thoxy acetate (5 c.c.) was mixed with sodium ethoxide in absolute alcohol 
(Na =* 2 gm.; alcohol 40 c c) and the solution was heated on water- 
bath under reflux fer three hours. On evaporating the alcohol, a colourless 
liquid was obtained BP. 265°C (Found: C, 80’S, H, 9-8; C,,H|,0» 
requires C, 80 3; H, 9-7 per cent.) 

Hydrolysis of the above naphthacoumarone to l-carboxy-Z-heptadecyfft- 
naphtha coumarone —The above ester (3 g.) was boiled with 10 per cent, 
alcoholic alkali (30 c c) for three hours. The solid obtained on the removal 
of alcohol and acidification from hexane in white, flat needles m.p 60-61° C 
(Found: C, 79 8; H, 9 5, C M H„O a requires C, 79 9; H, 9 3 per cent) 

Decarboxylation of 2-carboxyl-l-heptadecyl-fi-naphtha coumarone to 
3 -heptadecyl-P-naphtha coumarone —The above acid was introduced in a 
flask and heated at 80° C for four hours The brown product obtained 
after washing the residue with dilute alkali crystallised from hexane in white, 
small needles, m.p 49-50° C (Found C, 85-5, H, 10 5, C n H a O requires 
G, 85 7; H, 10 4 per cent.) 

1 -PalmUyl-2-naphthol prepared from jS-naphthol (7 g), palmitic acid 
(16 g.) and zinc chloride (7 g.) crystallised from alcohol in White, small 
plate*, mp. 115-16° C. (depressed to 85-86° C by 0-naphthol). ft» 
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alcoholic solution gave no colouration with ferric chloride (yield 28 per oeat). 
(Found: C. 81 8; H, 9 7; C*H„Oa requires C, 81 7; H, 99 percent.) 

The v-nitrophtnylhydrtuone of the ketone was crystallised from alcohol 
in i*d flakes. m.p. 195-96° C. (Found- N, 81. C, t H 4l O„N s requires 
N, 8-1 per cent.) 

1 -Pahnityl-2-methoxy-naphthalene crystallised from petroleum ether in 
white lustrous soft needles, m.p. 68-69°C. (Found: C, 81 9; H, 10 3; 
CwH^Oj requires C. 81 8, H. 10 1 per cent.) 

1 - HexaJecyl-2-naphthol prepared by the clemmenson reduction was 
crystallised from alcohol in white small plates mp 70-71 "C (Found: 
C, 84 2; H, 10 8; C*,H 40 O requires C, 84 4; H, 10 9 per cent.) 

2-Methyl-l-telradecy!- 1.4 -fi-naphthapyrone was crystallised from alcohol 
in small, white, lustrous needles, mp. 73-74°C. It was soluble in usual 
organic solvents and its solution in concentrated sulphuric acid gave brownish- 
yellow colouration. (Found. C, 82 9, H, 9 2, C M H M O a requires C, 
82 8 , H, 9 4 per cent.) The chromone on hydrolysis with dilute alkali 
gave the original ketone. 

Ethyl-] -palmttyl-P-naphthoxy acetate was obtained from the ketone 
and ethyl brom-acetate as a yellow, oily liquid, b.p 263°C. (Found- C, 
76-8; H, 9-7; C.oH 44 0 4 requires C, 76-9; H, 9 5 per cent.) 

1- Palmityl-P-naphthoxy-acetic acid prepared by the hydrolysis of ethyl- 
1 - palmi tyl-ft-naphthoxy acetate by alkali was crystallised from alcohol in 
white lustrous plates, m.p. 64-65° C (Found. C, 76-5, H, 9 1, C M H 4I 0 4 
requires C, 76 3; H, 9-2 per oent) 

The p-mtrophenylhydrazone of the l-palmityl-/S-naphtho*y acetic acid 
was obtained from alcohol in red, lustrous, small flakes, m.p. 210-11°C 
(Found. N, 7-1; Cj.H^O.N, requires N, 7 3 per cent.) 

2- carbethoxy-l-pentadecyl-fi-naphtha coumarone prepared from ethyl- 
1 -p al mltyl-ft-naphthoxy acetate and sodium ethoxide was a colourless oily 
liquid bp. 245°C (Found: C, 80 2; H, 9 3, C a0 H 4 ,O, requires C, 80 0; 
H, 9-4 per cent) 

2-Carboxy-3-pentadecyl-p-naphtha coumarone obtained by the hydrolysis 
of 2-carbethoxy-3-pentadecyl-|8-naphtha coumarone, was crystallised from 
petroleum ether in white plates, m.p. 56-57°C. (Found: C, 79-7, H, 9 3; 
QjHmO, requires C, 79 6; H, 9 1 per oent) 

‘i-Pentadecybp-mphtha-coumarone prepared by decar boxy lating the above 
was crystaibaed from petroleum ether in white lustrous, small plates, 
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m.p, 45 46°C. {Pound: C, 85 8; H, 10 3, C w H»0 requires C, 85 7; 
H, 10* 1 per cent.) 

\-lauryl-2-naphthol prepared from jJ-naphthol (7 g) lauric acid (14 g.) 
and zinc chloride (7g.) crystallised from alcohol in white, lustrous flakes. 
m.p. 95-96° C It was soluble in usual organic solvents (yield 25 per cent.) 
(Found: C, 80 7, H, 9-3 C„H M O a requires C, 80 9; H, 9-2 per cent.) 

The p-nitrophenylhydrazone of the ketone crystallised from aloohol in 
yellowish*red, small needles mp. 165-66°C (Found: N, 9 0; Cj*Hj»0»Nj 
requires N, 9 1 per cent.) 

1 -Lauryl-2-methoxy-naphthaIene crystallised from petroleum ether In 
white, flat needles, m.p. 54 55°C. (Found: C, 81-3; H, 9 6; C„H m O, 
requires C, 81 2; H, 9 4 per cent) 

1 -Dodecyl-2-naphthol crystallised from alcohol in white lustrous, small 
plates, m.p. 65-66°C (Found: C, 84 4; H, 10 2; C„H sl O requires C, 
84-5; H, 10 3 per cent) 

2-Methyl-Z-decyl- 1 : 4-p-naphlhapyrone crystallised from alcohol in white 
shining small flakes, m p. 69-70°C Its solution in concentrated sulphuric 
acid gave brownish-yellow colouration. (Found" C, 82"4; H, 8-5; 
C» 4 H»0, requires C, 82-2; H, 8-6 per cent.) The pyrotie on alkaline 
hydrolyils gave the original ketone 

Ethyl- 1 -lautyl-fr-naphthoxy-acetate was obtained as a straw-yellow, oily 
liquid, bp. 230°C., from ethyl brom-acetate and l-lauryl-2-naphthol. 
(Found- C, 75-9; H, 8 7; C„H M 0 4 requires C, 75 7; H, 8 8 per cent.) 

I -Lauryl-P-naphthoxy-acetic acid crystallised from alcohol in white, 
shining plates, m.p. 47-48°C (Found* C, 74-8; H, 8 6; CuHjiO, 
requires C, 74 9; H, 8 4 per cent) 

The p-nttrophenyl hydrazone of the above naphthoxy acid crystallised 
from alcohol in red plates, m.p. 200-0) ° C. (Found: N, 8 3; C^H^OjN, 
requires N, 8-1 per cent) 

1- Carbethoxy-l-undecvl-fi-naphtha coumarone was obtained as a colour¬ 
less oily liquid, b.p. 215° C„ by the action of sodium ethoxide on ethyl-1* 
lauryl-/J-naphthoxy acetate. (Found C, 79-2; H, 3 5, C M H a <0, requires 
C, 79 1; H, 8 7 per cent) 

2- Carboxy-3-undecyl-p-naphtha'Coumaro»e crystallised from petroleum 

ether in white small plates, m.p. 42-43°C (Found; C, 78*8; H, 8 3; 
require* C, 78-7; H, 8 2 per cent) 
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3- Undetyl-fi-itaphtha coumarone was crystallised from hexane in white, 
lustrous plates, m p. 36-37° C (Found C, 85 6; H, 9 5; C n H w O 
requires C, 85-7, H, 9 4 per cent) 

We express our grateftil thanks to Rev. Father A. M. Coyne, Sj. and 
late Prof R. N. Bhagvat, m a , b sc , for their kind interest and provision 
of the facilities 

Summary 

1-Stearyl, 1-palmityl, and l-lauryl-2-naphthols have been prepared by 
the Nencki process These hydroxy ketones were methylated, and reduced 
by Clemmensen’s method They were subjected to the Kostaneclu reaction, 
and condensed with ethyl bromacetate, to obtain the chromones and 
coumarone8 containing these long-cham alkyl groups 



A CHEMICAL AND PETROLOGICAL STUDY OP 
SOME DYKE ROCKS IN THE PRE-CAMBRIAN 
(CUDDAPAH TRAPS)* 
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(Communicated by Prof T N Muthuawami, mic) 

Introduction 

Thb suite of traps that forms the subject of this paper occurs as intrusions 
in the Vempalle limestones and the Tadpatn shales of the Lower Cuddapahs 
in the Pulivendla taluk of Cuddapah, the Tadpatn taluk of Anantapur and 
the Dhone taluk of Kumool They were collected from a large area in flte 
Cuddapah basin extending from Bctamcherla in the Kumool district to near 
Vempalle in the Cuddapah district, so that they are representative of the 
numerous sills that traverse the area. The collection includes also two or 
three specimens of trap rocks intrusive into the Archaean gneisses near 
Tiruttani in the Chittoor district Judging from petrological characters 
die Tiruttani rocks are probably of the same age as that of the Cuddapah 
traps, but we haVe no stratigraphical data to determine the relationship 
between these two. 

These traps form numerous sills and are occasionally lenticular though 
generally regular and of uniform thickness The thicker sills often contain 
intercalations of Vempalle limestones or Tadpatn shales. They are fine¬ 
grained and of uniform grain, being 'composed generally of labradorite 
feldspar, augite and micropegmatite with subordinate blotito, magnetite, 
epidote, glass and secondary alteration products. It is only rarely that they 
odiibit any difference in the gram-size between the centre and the margins. 
guefa a sill, composite in nature, is seen passing through Pulivendla as noted 
by Dr. C. S. Fox. The central portion of the sill is very basic and contains 
coarse grains of abundant olivine, augite. enstatite, serpentine, a little 
feldspar, iron ore and brown mica and thus differs from the layers above 
and belew it, which are dolentes without olivine. The trap sills are fairly 
conspicuous because of their forming dark low ridges which are marked by 
brown coloured soil and thorny shrubs. In some places the rocks show 
the presence of amygdaloidal cavities filled up with secondary infillings and 
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are also traversed by veins of eptdote which show* up well because of it* 
marked green colour. 

The Cuddapah traps have not been studied by any one *o far in any 
detail As earty as 1890, P. Lake described briefly the olivine-bearing trap* 
of Juturu Subsequently (Sir) T H Holland (1897B) classified "some 
dykes of basic igneous rocks which break through the ‘ pyroxene granulites ’ 
and which he regarded as the dyke-representative of the Cuddapah lava 
flows ” and gave a mineralogical description of these rocks More recently 
(Sir) C. S. Fox (quoted by A. L. Coulson, 1934) and A L Coulson (1933, 
1934) have referred to these traps only incidentally in their description of 
asbestos and barytes occurrences in the Cuddapah formations. No chemical 
data are available except for the two modern analyses given by A. L. Coulson 
m his memoir on asbestos (1934) and the two much earlier analyses given by 
Holland m 1897 

In the following pages are described the petrographic and chemical 
characters of these trap rocks. The chemical analyses were done in the 
Geology Department of the Presidency College, Madras The analytical 
results are subjected to the petrochemical studies introduced by Prof. Dr. P. 
Niggli of Ziinch. The plagioclase feldspars and pyroxenes have been studied 
by the Universal Stage methods, which include the twmning laws and other 
optical characters The textural relationship exhibited by the rocks has also 
been studied in detail which showed that these minerals have crystallised 
simultaneously to a large extent 

It has been possible from these studies to trace the chemical characters 
of these traps, the trends of differehtiation of the magma in the evolution 
of the various types, and the sequence of crystallisation of these traps in the 
differentiation history. The general results show that the magma which 
gave rise to the Cuddapah traps is of calc-alkali or tholeiite type. The 
Cuddapah trap* are similar in many respects to the ‘ Newer dolerites ’ of 
Singhbhum, Keonjhar and other areas in the Iron ore series of Orissa and 
Singhbhum. They are also similar to the Gwalior trap* in the nature of 
their pyroxene*, but are lower in alkalis and higher in alumina. They differ 
from the Deccan traps, the Karroo dolerites, the Tertiary dyke* of the Wand 
of Mull, the Whin Sill and the Palisades diabase in containing no pigeonite. 

Mineralogy 

Although uniform in their mineralogical characters and chemical com¬ 
position the trap rocks under study may be divided into three textural 

gnwj», 
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1. Fine-grained variety, —Thii vane* from dolerite to basalt and is 
usually dark in colour, compact and also highly vesicular, 

2, Medium-grained variety .—This type is mostly black to dark-grey 
in colour and is represented by quartz dolerite. 

3 Coarse-grained variety —This type, formed by the slow cooling of 
the ma gma is found to occupy mostly the middle portions of the dykes or 
nils It includes olivine dolerites and quartz dolerites 

The gram-size of the minerals composing the rock vanes on the average 
from 0-2 mm. to 0 5 mm m the fine-grained vaneties, and O S mm to 1 mm, 
in the medium-grained rocks, to more than 1 mm. in the coarse-grained type*. 
The petrological characters of the various specimens collected are fairly 
uniform, but some of the vesicular basalts differ from die normal types m 
containing much palagonite, often to the exclusion of pyroxene. 

Microscopic characters —One striking feature observed under the 
microscope is the relationship between feldspar and pyroxene. Small laths 
of feldspar are enclosed either partly or wholly in elongate or stumpy prisms 
of augite or the augitc may be developed m irregular form in the interstice* 
of the penetrating plagioclase laths. Besides this marked dolentic and sub- 
ophitk development of plagioclase and augite, ophitic, inter-granular and 
intersertal texture* are also noticed. In the ohvwe-beanng types, olivine 
is enclosed by large prismatic crystals of pyroxene. Micropegmatite and 
quartz occur occasionally in the interstices of the feldspars and augites. In 
the fine-grained types these are represented by a vague mesostasis of weakly 
refracting glass with grains of opaque magnetite and imperfectly developed 
microhtes of feldspar. Generally the magnetite is distributed evenly 
throughout the rock. Biotite and hornblende occur as alteration products. 
Apatite and specks of pynte are the usual accessories. The rocks have been 
subjected to secondary alteration such as palagomtisation, sencitisation, 
serpentini ration and kaolimration. 

The vesicular and amygdaloidal basalts have their vesicles filled up by 
palagonite and calcite and occasionally also by quartz instead. 

In the following paragraphs the feldspars, pyroxenes, micropegmatite 
and other minor constituents are described. 

Plagioclase —Plagioclase is the dominant constituent of all the normal 
rocks examined, except in the olivme-bearing type in which it is subordinate 
in amount to olivine and pyroxene. Megascopically the feldspars are bluish 
(o dark-grey in colour. The crystals exhibit generally polysynthetic twinning. 
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but simple twinning is also met with and occasionally unMihned plagioclaae 
laths are found in association with quartz pieces. 



The co mp osition of the plagioclase feldspars and the twinning law 
obeyed by them were determined on the Federov Universal Stage. The 
anorthite content of the feldspars is found to vary from 75 to 30 per cent, 
y^ming a developed rather inconspicuously in most of the larger laths, being 
represented by a slight variation ui the extinction angle towards the interior. 
In some cases, however, prominent zoning is observed, the composition 
flatly from labradonte with about 60 per cent, anorthite to a thin external 
layer of andetine or oligoclase. The average composition of the plagioclase 
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» deduced to be near about 55 per cent anorthite and the first plagioclatt 
to crystallise from the melt of this composition would contain about 75 per 
cent anorthite The feldspar phenocrysts found in the vesicular basalct 
(Type D, which is described later) do not show any marked zoning, the 
competition of these and of the groundmass feldspars being more or less 
die same It is porbable, therefore, that the early formed plagioclase has 
been ‘made over ’ to the composition of the later feldspars with the result 
that zoning has disappeared The plagioclases exhibit predominantly 
twinning on (010) as the composition plane of different lamella with Albite 
and Carlsbad laws occurring frequently 

The composition of plagioclase can also be deduced from the chemical 
analysis of the rock, if the calculated k and values (Table V) are 

plotted In Niggli’s diagram (Fig 1) It will be seen from the diagram that 
the nature of plagioclase deducedfrom the chemical composition of the rock 
agrees fairly well with optical determinations It may be pointed out that 
the average falls close tp 55 per cent anorthite which is also the average 
arrived at from optical investigations. A and E have a higher anorthite 
content than the rest, but from the description of these rocks given elsewhere 
it will be seen that fy. is a highly basic rock belonging definitely to an earlier 
period in the history of consolidation, while E, if not so very basic, is highly 
feldspathtc and also altered, which is reflected in the higher anorthite con¬ 
tent of the rock. 

Pyroxene. —The pyroxenes are found to belong mostly to the mono- 
clinic variety. In the olivine-bearing types, however, rhombic pyroxenes 
were also noted m addition. The monochnic pyroxene is usually augite 
with large optic axial aagle; the other variety of raonoclmic pyroxene, 
pigeomte with small optic axial angle was not detected in any of the analysed 
specimens but was present in slide No 8 (l mile east of Vemula) in small 
amount 

The monocliryc pyroxene is generally colourless m thin sections, but 
shows a slightly yellowish or greenish tinge, some grains afp also pinkish, 
indicating that they are titaniferous. The mineral occurs m elongated or 
stumpy prisms generally twinned on (100) showing sometimes salite and 
herringbone structures It may also be irregular in shape, with two sets of 
cleavage. The optic axial angle varies from, 40° 10 56° and, ZA C from 36® 
to 46®. 

In the olivine-bearing types the rhombic pyroxene occurs in irregular 
foim, intergrown with olivine and monocfimc pyroxene and is colourless. 
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The optic axial angle (negative) in the plane parallel to (010) varies from 79* 
to $5®. From this value a composition of Eon FSj» is deduced from BtirrTs 
diagram (p. 181, 1941) for the rhombic pyroxene 

Comparative study of the py oxenes found in this ancient intrusive rock 
with those in the basic rocks from India and from other parts of the world 
is interesting. Dr. L A. N Iyer (1932) who investigated the ‘Newer 
dolerites ’ of Bihar and Orissa found that the pyroxenes m them have a 
larger optic axial angle, varying from 56° to 68° but has not recorded any 
pyroxene of small optic axial angle Dr M S. Knshnan (1936) in his studies 
of the ‘ Newer dolerites ’ of Keonjhar State, Bihar and Orissa, did not report 
the presence of pigeonite in the dolerites and basalts, whereas in the norite 
dykes he was able to distinguish pyroxenes of small optic axial angle. In 
his paper on the Gwalior traps M. P Bajpai (1935) has not reported the 
optic angles of augites seen in the slidies. P. R. J. Naidu* found that 
the ‘abnormal’ doleritc dykes cutting the chamockite areas of Halagur 
and Dodkanya, Mysore, oontain pigeonite The pyroxenes of the Deccan 
traps have generally a small optic axial angle and belong to the pigeonite 
group as pointed by H. S. Washington (J922)and L. L. Fennor(1925) The 
Whin Sill (Holmes and Harwood, 1928), the Karroo dolerites (Daly and 
Barth. 1930, and Walker and Poldervaart, 1940) and the New Jersey diabases 
(Walker, 1940) exhibit characters similar to each other in having ali the 
three pyroxenes—hypersthene, augite and pigeonite. In all these cases, 
there is a complementary relationship between hypersthenc and pigeonite. 
In his latest paper on the ‘ Pyroxenes of common mafic magmas ’ H H. Hess 
(1941) has come to the interesting conclusion that the complementary rela¬ 
tionship is due to the inversion of the lime-poor ortho-pyroxene to pigeonite 
at Bn tt Fs M . So that for any ratio less than 7: 3, pigeonite takes the place 
of the ortho-pyroxene. 

Thu study shows that the Cuddapah traps contain predominantly 
mooochnic pyroxenes with large optic axial angle The dolerites of later 
ages appear to contain all the three pyroxenes, pigeonite being dominant 
inthe normal Deccan traps. In view of the nature of the pyroxenes in these 
rocks, it would be pertinent to compare the normative composition and the 
metaailicate proportion of pyroxene, calculated from the average chemical 
composition with those of other rocks and see how this important difference 
can be accounted for (see Table I). The diopaide and hypersthene molecules 
of the average Cuddapah traps and * NeweT dolerites ’ are similar except 

• CmtMStiVKt. 1943. 12, IIS. 
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for a slightly higher content of these in the latter. The Karroo dolentes 
are also similar to the above dolentes m their containing more hypersthene 
than diopside. But, m contrast to this, the Deccan trap shows equal amount* 
of both these molecules The Whin Sill, though containing more hypersthene 
than diopside, shows less of both these molecules than the other rocks. 

Table I 


The normative composition of Pyroxenes m the Cuddapah 
traps and other dolerites and basalts 


lit 

iv 

v 

vi. 


Hr 

CatblO, 

MgSlOa 

FeSIOj 

20 91 

12 74 
28*37 

34 36 

ss-ot 

14 86 

17 IS 

20 80 
21*21 
17*78 
25*74 

18 90 
21*08 j 

14 8 
24* *1 

li’i 

28*9 

27 5 
21*9 
22*8 
24*6 
19*6 

32 S 

LT 

87 8 
50*0 

44 3 

47*7 

41*8 

44 3 
48*8 
53 3 

63 8 

1 

| 88S2S888SJ fan 


Cuddapah trap*. 

Average of 8 analyses ol Cuddapah trap'! 

Newer dolerile. Average of 3 analyses ol Newor dolerites, Smghbhum (L. A N. 

Iyer, 1932) and 2 of Keonjhar Stale (M. S Krlsbnan, 1936) 

Average of 11 analyses of Dcccan traps (H S. Washington, 1922) 

Average of 5 analyses of Karroo dolentes (Daly and Barth, 1930) 

Average of 6 analyses of Whin Sill (Holmes and Harwood, 1928) 

Average New Jersey basalt (Anderson, 1940) 


The metasilicates in the averages of these rocks are remarkably uniform 
in showing a lower proportion of CaSi0 9 and higher proportion of MgSiO,, 
while FeStO, is intermediate between these values On a careful scrutiny 
it would appear that there is a reciprocal relationship between MgSiO, and 
FeSiOj, for a decrease in MgSiO, results in the increase of FeSiO, but such 
a notable change is not observed w CtSiO, The explanation for this can 
be had from Fig. 2 which shows that pyroxenes of mafic magmas become 
enriched m iron and correspondingly impoverished in magnesium. 

Thus, in view of the absence of any marked difference in the normative 
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This type is neb in divine and carries rhombic pyroxene A study of the 
thin section goes to show that the rhombic pyroxene was die first to crystallise. 
The clino-pyroxene joined later and both crystallised out before the rhombic 
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pyroxene reached the composition En,e Fs »* In all the other rocks only 
one pyroxene was distinguished and the points for these rocks he above the 
Co Dec tic line. To account for the presence of only one pyroxene it could 
be reasonably supposed that the degree of reaction obtained between the 
meh and the crystals suspended in it was such that the melt never reached 
the cotec tic line and this process might have been greatly assisted by the 
volatile constituents of the magma. 

Pyroxene-Feldspar Relations and the Order of Crystallisation 
To describe the different types of textural features in relation to the 
pyroxenes and feldspars various names have been proposed by different 
writers. KrolotrOm (1933) has proposed four names, namely, ophttio, swb- 
ophitic, doleritk and sub-doleritic. The optutrc and sub-ophitic textures 
hr basaltic rocks indicate that the feldspars are of earlier crystallisation while 
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the dolentjc and sub-dolentic textures point to the simultaneous crystallisa¬ 
tion of these minerals. 

In the Cuddapah traps, the pyroxenes are generally larger in size than 
the plagioclases. The shapes of these pyroxenes are to a great extent deter¬ 
mined by those of the adjacent feldspar laths Sometimes the pyroxenes 
are also sub-idiomorphic with a roughly prismatic habit Besides these, in 
some slides ophitic and sub-ophitic textures in the restricted sense of 
Krokstrdm arc also found, the pyroxenes then filling nan-ow interstices 
between two neighbouring feldspars, and different pieces over wide areas 
showing simultaneous extinction, with similar orientation or optical conti¬ 
nuity The pyroxenes also enclose completely numerous small laths of 
plagioclase showing that they are definitely later than the plagioclase in 
crystallisation. 

Barth (1936) has discussed the crystallisation process of basalt and 
suggested that the initial composition of the magma determines whether 
pyroxene or plagioclase is the first mineral to crystallise When crystallisa¬ 
tion of the first mineral is going on, the melt moves towards the boundary 
surface where simultaneous crystallisation of both minerals would take place 
Barth has deduced, from a study of the plateau-basalts which show unequi¬ 
vocally simultaneous crystallisation of pyroxene and plagioclase, this 
boundary surface in a tetrahedron with the normative minerals ab. an, dt 
and hy at the corners The position of the boundary surface is got from the 
sum of ab' +2di' + 2-3 hy', which is called the /( norm ). If the /(norm) 
is near about 123 the basalt falls on or near about the boundary surface and 
simultaneous crystallisation is to be expected If the norm is smaller or 
greater than 123 the basalt lies in the plagioclase field or in the pyroxene 
field respectively. The / (norm) values for the Cuddapah traps und for the 
other basalts compared with them are given in Table II 

It will be seen from Table II that the /( norm ) is around 123 for all types 
except A, B and E which have a higher or lower value Type A is a rock 
of ultrabasic composition and from an examination of the thin section it is 
clearly seen that olmne and pyroxene are earlier than the plagioclase which 
is subordinate in amount and occupies the interstices between these minerals. 
In the rock designated B the pyroxenes are intergranular and interscrtal 
to the feldspars which penetrate the former so that we can conclude that the 
feldspars crystallised earlier. The high percentage of alumina in this rock 
results m an excess of feldspar which causes crystallisation in the feldspar 
field itself. As has already been mentioned, the rock B shows high alumina 
and the feldspars are extensively kaolmited so that the high per* 
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Table II 

/ (norm) for Cttddapah and other traps 



A to II Cuddjpah trap*. 

III Average of B to II 

IV Avarice of II aiMlyut of Devcin (taps (Waihlngton, 1922) As given by 

Barth (1934), Tab. J. p 3J2 

V. Newer dolerite Aver ago of 3 Irom Staghbhum (LAN Iyer, 1932) and of 
, 2 from Keopjhar State (M S. Kri.hnan, 1934) 

VI Whin Sill Average of 6 analyses by Harwood (Holme* and Harwood, 1928). 

VII. Karroo dolente Avenge of 4 analyses (Duly and Barth, 1930) Aa given by 
Barth (1936), Tab 3, p 332. 

VIII Average New 3eney basalt (Anderaon, 1940) 

cetitage of alumina may partly be due to alteration. But from the nature 
of the rock it can be said that even though some feldspars may have been 
precipitated first the bulk of them crystallised approximately simultaneously 
with the pyroxenes. 

From these studies we can conclude that during the earlier stages of 
crystallisation—excepting in type A—the feldspars crystallised to begin with, 
but were very soon joined by the pyroxenes so that in all the normal types 
the two minerals have crystallised simultaneously. 

Micropegmatite —There is some acid material in these basic dykes in 
the form of micropegmatite, quartz and acid glass, which are found in the 
interstices, forming a mesostasis to the earlier formed feldspars and pyro¬ 
xenes; sometimes they may also torn megascopic patches. 

This acid material is considered by most petrologists as the last phase 
lit the consolidation of the magma. It is present in many basic rocks in 
India and elsewhere. As early as 1897, Holland discussed the origin of 
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mfcropegmatitc In the baste dyke* of the Madras Presidency including those 
Of Cuddapah age and concluded that the micropegmatite “ is really original, 
the last phase in the consolidation of the rock ” (p 34, 1897 A) 

Bowen (pp 70-74, 1928) considers that quartz or acid residue in basic 
rocks is due to the early separation of olivine in excess of its stoichiometric 
proportion. But Fenner (1929 and 1931) objects to this theory on the 
ground that the earlier ferromagnesian silicates contain an excess of magnesia, 
while the residual liquid gets enriched m iron so that magnetite, pyroxene 
and feldspar crystallise during final stages, So he concludes that micro- 
pegmatite does not normally result from the process of crystallisation- 
differentiation, but is a secondary product of hydrothermal activity after the 
rock has completely solidified Kennedy (1933) advocates two distinct 
types of basaltic magmas, viz., tholentic and olivine-basaltic types, and 
considers that the thokiitic magma, represented by most plateau-basalts 
gives rise, on differentiation, to a liquid of acid composition and that the 
olivine-basalt (oceanic basalt) magma gives rise always to a liquid of fdds- 
pathoidal composition poor in quartz The Cuddapah trap would fall 
■n y j ffr the tholeutic type as will also be pointed out later The tholentic 
type doe* not seem to have any significance in space and geological time as 
it is found in various ages in both fissure and central eruptions. 

Minor Constituents 

The other constituents seen in these rocks are biotite, amphibole. glass, 
chlorite, magnetite, hematite, epidote and clino-zoisite, apatite and pynte 
with such secondary products as seriate, kaolin and calcite A short 
description of the more important of these is given below 

Glass.— In all the fine-grained types the glass forms a mesostasis to the 
mam constituents. It is colourless, light brown or dark in appearance and 
m almost all cases wholly denitrified, containing acicular crystals and micro- 
lites as also small rounded grains of magnetite, 

Chlorite. —Both pennmite and delessite are distinguishable. Penninite 
is greenish or bluish green in colour and weakly birefringent with * ultra blue * 
interference colours. Delessite occurs in fibrous sheaves with positive 
elongation of the fibres, straight extinction and low birefringence tt is 
pleochroic according to the general scheme r 

Z = Y ■=■ Green, J!f ~ Straw yellow 
turn ores.— Magnetite is found in all the rocks as an accessory mineral. 
It is in the form of large grains, sometimes with crystal contours and some¬ 
times to granular clusters. The great part of this mineral is of an earl 
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generation, but in some cases ovldcnce of late crystallisation is aho found. 
The presence of leucoxemc matenal in some of the sections shows that part 
of it may be titaniferous. 

Eptdote and CUnozoialte —The epidote aggregates consist of minute 
grains recognised by their high refnngence and birefringence They are 
strongly pleochromc, from very pale green to yellowish green. The ckno- 
aoisite is colourless to pale green and similar to epidote but shows very low 
birefringence It forms granular aggregates mostly derived from the altera¬ 
tion of feldspars 

Pbtrooraphical Description and Chemical Analyses 

OF THE CUDDAPAH TRAPS 

Seven representative specimens of traps from different localities in th 
area were chosen for chemical analyses so as to cover the general types 
encountered The analytical results and norma are given in Table HI. The 
rocks arc arranged in the order of increasing silica percentage but not neces¬ 
sarily in the order of increasing acidity as represented by saturation. 'Die 
analysed types arc briefly described below. 

A Picrite (Hornblendeperidotitisch) —The rock is coarse-grained and 
dark in colour and is very largely made up of olivine and pyroxene. Olivine 
(0 2-0 9 mm ) is colourless and mostly rounded in appearance with charac¬ 
teristic ‘ mesh ' structure having an optjc axial angle (2V) of + 84° to + 88° 
Both ortho-pyroxene and chno-pyroxene are encountered. The ortho-pyroxene 
is oostatite occurring as large individuals (1 to 21 mm) of irregular shape 
The interference colours are 1st order grey to white and the optic axial anglo 
{2V) in the plane perpendicular to h -axis is — 82° to - 84°. The ciino- 
pyroxenc (1 to 2 3 mm.) is mtergrown with ortho-pyroxene and is mostly 
colourless, often with a yellowish tinge The optic axial angle it about 
+ f(0° to + 55° while the angle Z/\C varies from 36° to 38° 

The plagioclase which is subordinate in amount is largely altered and 
could not be determined, though showing broad lamellae From Niggli’s 
diagram and from die norm, the composition is deduced to be 62 per cent 
anortbitc. 

There are, in addition, alteration product*, such as magnetite, serpentine, 
brown mica, senate, kaolin and chlorite 

The mode of the rock is given below: 

Qhvins .. •• 34 3 Chlorite and serpentine .. 17*9 

Pyroxene (ortho dtchno) .. 20 3 Biotite .. 4‘4 

Plagioclase .. 18‘6 Magnetite .. .. 4*2 
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When .the mode is compared with the norm, it will be seen that the 
amount of olivine actually present in the rock is less than the normative 
amount. The pyroxene and feldspar are also less than the normative 
percentages. But the modal magnetite is higher. Chlorite, serpentine 
and biotite make up this deficiency between the mode and the norm. 

B Pyroxene dolente (Normalgabbroid, e-gabbroid) —This rock is 
medium-grained and compact and bluish to dark-grey in colour and » made up 
of bluish plagioctase, dark dull pyroxenes and magnetite The plagioclase 
is seen in small slender laths (0 2 by 0 8 mm ) developed in sub-ophitic 
relationship to pyroxenes. The feldspar is mostly labradorite with an 
anorthite content of 60 to 70 per cent. 

The augite is always irregular in shape and faintly pinkish in colour 
with very weak pleochroism in yellowish or greenish tinges. The optic 
axial angle vanes from 4- 41° to + 45° while the angle Z A C vanes from 
39° to 43°. 

Chlorite, magnetite and scricite and kaolin occur as alteration products. 
Apatite is rarely found. 

The mode of the rock is as follows: 

Plagioclase .. ..44 2 Magnetite .. 9 2 

Pyroxene .. 22-5 Sericite .. 5-5 

Chlorite .. 18-8 

When the mode is compared with the norm it is seen that the amounts 
of feldspar and pyroxene are lower in the mode than in the norm. This we 
can expect from the alteration of the minerals 

C. Dolerite (normalgabbroid; c-gabbroid).—The rock is dark-grey in 
oolouv. composed of greyish feldspars, dark ferromagnesians and a few 
pieces of magnetite. The plagioclase feldspars make up the bulk of the 
groundmass in the form of small laths (0-15 to 1 4 mm.) developed in sub- 
ophitic relationship to the pyroxenes which they penetrate from the edges 
and make the pyroxenes angular. A composition of about 55 per cent, 
anorthite is deduced from both Niggli’s diagram and the norm They could 
not be determined on account of the alteration suffered by them. 

The augite is colourless, occurring as large crystals twinned on (100) 
and encloses small laths of twinned plagioclase in addition to showing a 
marked doleritic structure. The optic axial angle (2V) m the plane parallel 
to (010) vanes from + 44' to + 47° while Z A C in the same plane is 40' 
(0 4 
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Micropegmatile and quartz pieces are also seen in the slide. As 
secondary minerals, magnetite, chlorite, kaolin, senate and calcite are seen. 

D. Vesicular basalt-porphyry (Natron! amprosyenltiach) —This is a 
dark-coloured rock with porphyritic crystals of feldspar embedded in a 
groundmass of chlorite and small feldspars of the same character. The 
rook is highly vesicular and the vesicles are filled up by dark, friable, cbloritic 
m pt^rial which has a dirty-green colour Inclusions of calcite and a dark- 
green or yellowish green mineral, not scratched by pen-knife, are seen in 
the chlonte. 

The porphyritic plagioclases twinned according to Albite-Ala and Ala 
(Es) are found either as rectangular tables or as thick elongated prisms. The 
groundmass plagioclases are in the form of small laths and exhibit twinning 
after the same laws. The composition is 33 to 40 per oent. anorthite. 

CUnozoisite and calcite arc found associated with chlorite as they are 
the result of the alteration of feldspar. CUnozoisite, embedded in palagonite, 
is twinned on (100) showing the characteristic section of crystals of mono- 
clinic symmetry. The extinction angle with reference to e-axia varies from 
4° to 8°. 

E Quart z-dokrite (Miharaitisch) —This is a medium-grained rock 

composed of greyish plagioclase and dark -ferromagne&ian minerals, 

Plagioclase is the most abundant mineral in the rock, giving lath-shaped 
sections. It is usually much altered to kaolin and seriate 

The pyroxenes, often twinned on orthopmacoid, are irregularly shaped 
and sometimes prismatic and short. They are pale greyish yellow to colour¬ 
less. The optic axial angle ( + 2V) in the plane parallel to (010) is from 
32° to 56*. The angle between the axis of minimum elasticity and the vertical 
crystallographic axis is about 39°. Some of the pyroxene* are altered to 
serpentine. 

Quartz and mtcropegmatite are intergrown with the feldspars. Some of 
the quartz may be of secondary origin on account of kaoiinisation of feldspars. 
The minor constituents are magnetite, biotite and chlorite. 

F Fine-gtabted Basalt (Melagabbrodiontisch). —This is a fine-grained 
cryptocrystaUine dark-coloured rock composed of minerals indistinguishable 
even with the help of a good pocket lens The rock is merocrystalHne under 
die microsoope with imperfectly developed micrdites of plagioclase embedded 
in a mosaic of pyroxene, palagonite and glass. Twinning is hnperfocUy 
developed. The composition is deduced as 39 per cent, anorthite from 
jqiggU’g diagram. The pyroxenes are seen as small rounded or rectangular, 
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pale yellow to colourless pieces with a tendency to be grouped in aggregate*. 
Some rectangular prisms show simple twinning. 

Magnetite occurs as relatively larger grains and enclose feldspars and 
pyroxenes. They are distinctly later than these minerals in consolidation. 

A few pieces of dichroic hsmatite are also seen. 

The interstices of all these minerals are filled up by palagonite, ill-defined 
glass and chalcedony. A few pieces of zoisite and calcite are also noticed. 

G. Quart z-jolerite (Miharaitisch).—This is a medium-grained dark- 
grey trap composed of grey plagioclase and dark ferromagneaian minerals. 

It shows two thin veuiicts perpendicular to each other, consisting of pala¬ 
gonite which pass from one piece of chlorite or amphibole to another through 
fddspathic and micropegmatitic portions. It appears to have been formed 
as veins from magmatic fluids during the late stages of activity 

The plagioclases occur as laths 3 to 7 mm. in length with ill-defined 
relationship to pyroxene. They show twinning after Albite, Carlsbad or 
Albitc-Carlsbad law and contain between 54 and 70 per cent, of anorthite. 
Zoning as well as secondary alterations are observed. 

The augite is colourless and non-pleochroic often exhibiting simple 
twinning on the orthopinacoid. The optic axial angle is + 49 • 5° and Z A C 
is 46°. 

Micropegmatite generally fills the interspaces between pyroxenes and 
feldspars and is composed of quartz and feldspar, intergrown micro- 
graphically. The quartz carries inclusions of bluish crystals, probably 
apatite ami numerous minute dark inclusions. 

As secondary alteration products, hornblende, biotite, iron ore and chlo¬ 
rite are noticed. 

The mode of the rock is given below: 

Plagioclase 37 6 Chlorite and Amphibole .. 16 9 

Micropegmatite 8 3 Magnetite 2-5 

Pyroxene 33-5 Biotite 1-4 

The modal feldspar and pyroxene are less than the normative amounts 
on account of the alteration of these minerals to secondary products. 

General Review of Chemical Composition 

Having made a petrographical study of the traps we can proceed to 
review their general chemical characters and compare them with well-known 
types fuch at die plateau-basalts and tholeiites from India and elsewhere. 
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Considering the analyses A to II (Table m) it is seen that type A a distinctly 
different from the others Its silica content is lowest and alumina is less 
than in the other rocks The iron-oxides present are about normal to basalts, 
with ferrous oxide dominating over ferric; magnesia is decidedly high while 
Table III 

Analyses of the Cuddapa!i Tiaps 
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• Total include* 0-36 CO, t Total include* 0-93 Cc 

t Total include* 0 93 Cc and O'81 Ru | Total includes 0-80 of CaCO a . 

A Picrite (No. 5) From the middle of the composite sill near 

35 nolle* 2} furlongs on the Cuddapab-Pulivendla road 
Analyst N A. Vemban 

B. Pyroxene doierite (No 30) 1303 Beduduru Hill (Sheet 57 J/l) Analyst 

N A Vemban 

C Dottrtie (No 9) From near the villa** Veraula on the Cuddapah- 

Pulivtodb road. Analyst N A Vemban 

D. Ytaicuktr banlt—Porphr> (No 46) 7th mile on the road from Betatnoberla to 

Kalwa Analyst N A Vemban 

E Qnartz-dolerltr (No 4) I From upper portion of the still, 35 miles 2) 

furlongs on the Cuddapah-Pullvefldlu road. Analyst 
N. A Vemban. 

F Fine-trot**! basalt (No 49) Eastern end of Brahmarupalle asbestos zone, 

Pulivendla taluk, Cuddapah district Analyst N. A 


O Quartz-dokrtif 


of Tiruttam, Chittoor 


l Merits below asbestos sons, Brahma napalk asbestos mine, Puli¬ 

vendla taluk, Cuddapah district, Mtm OS /., 64, p. 224, 
1934 Analysts P C Roy and Mahadeo Ram. 

I] Quartl-dolerile below asbestos zone, a quarter of a mile south-west of 

Malkapuram, Dhone taluk, Kumool district. Ibid 
III, Average of * analyse* of Cuddapah traps B to II 


C*0, alkalis and titama are low This rock conies under the pendotite- 
picrite group. 

The most striking feature in the senes of analyses is the uniformity in 
composition of the dolente* and basalts with the silica percentage varying 
from 46*92 to 32*02 per cent. Alumina is present in about the usual amount 
expected in ba#alt», except m E which is highly feldspathic. The iron oxide* 
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are usually high except in E and O. Ferrous oxide predominates over the 
ferric in general but the high ferric oxide content in D and F can be accounted 
for by the considerable amount of palagooite present. Manganese is low. 
Compared to the combined iron oxides the amount of MgO is lower The 
CaO is about normal Soda dominates over potash, but in D and F soda is 
notably higher Titanium and phosphorus are both m about the normal 
amounts. 

A comparison of the mean analysis of the Cuddapah traps (Table IV) 
with the average Deccan traps shows that they are closely akin to each other. 
There is also u close resemblance between the ‘ Newer dolerites * of Bihar 
and Orissa and the Cuddapah traps. In comparison, the Gwalior trap 
contains less alumina and more alkalis The average analyses of the Karroo 
dolerites, the Whin SOI and the New Jersey basalts compare closely with 
that of the Cuddapah traps, as all of them come under the normal 
tholeiitic types. 

Pftrochem is pry 

For the present study seven analyses of Cuddapah traps were made by 
the writer and two previous published analyses have been added. This form 
of expressing the composition (weight percentage of the chief oxides) is not 
by itself quite suitable for petrographic classification and comparison or 
for understanding the chemical characters of the rocks and their evolution. 
For such a study, various new values Were calculated by grouping together 
a|u>rf oxides having the molecular proportions of the various oxides as the 
basis of calculations according to the method of Niggli, which is very helpful 
in the study of differentiation and of magmatic affinities of rocks. The 
various calculated values are given in Table V. 

Differentiation Trends M the Cuddapah Traps 

The rock types under study are all basic in character with the silica 
content varying from 45 to 52 pear cent, (by weight). This small range in 
silica percentage goes to show that the magma that gave rise to the various 
types did not undergo extensive differentiation and that most of the rocks 
represent more or less the composition of the magma itself. Though the 
silica expressed as weight percentage has a very small range, we can see from 
the Niggli values that ‘ si ’ vanes from 81 to 128 units and that there is a 
well-marked gap of 22 units between si 81 and 103; but there is every 
gradation from si 103 to 128. This gap is significant for study of the nature 
mid evolution of Oils magma. In Fig. 3 a generalised differentiation diagram 
has^eep drawn from the Niggli vahes with si e» abscissa gad the other 
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Tajlb IV 

Average Analyses of the Cuddapah Traps and other basic rocks 



* Total include* 0 58 CO, and 0 II loci 


V r-gabbrold 
VI. <v*abbnWd 

ritiach VII Nortnalgabbroid 

ralithwch Normalgabbrodloritiech 

VIII Normelgabbrodioritiarh 
>f Cuddapah imp* B to II given In Table HI. 

Average of II analyse, including I Rajtmhal trap 
fall Ctol Sot. America, Vol 13, p. 774, 1932. 
Analyst H S. Waehlngton 
Bihar and Orlsas Average of 3 of Staghbhum 
Met ,GJSJ , LXV. p 528, 1932 tad 1 of Keopihar 
State, Kec , GS1 . Vol. 71, P 10«, 193*. Analyst! 
UN Iyer and F C. Roy 
Average of 6 analyses Jour. Grot , XLUI, p. 49, 
1935. Analyst M P. Bajpai 
Average of « analyeee, lain. Mag . XXI. p. S», 
192*. Analyet H F. Harwood. 

Average of 3 analyeee, Geol. Afae-. UtVH, p. Ml. 

1930. Analyet* B G. Radley and Mor. 

Quoted from C. A. Aadareon. Atm tom. Set., 
23*. P- 4W. 1940. 

Quoted from Waahlngtoo, Boll. Qeot, See. Amrtoo, 


VII. Ameage Hr* Jersey botoh t 
yip Dofy't average tmstf 
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camtitnents as ordinate. There are three curves which are roughly mutually 
sympathetic, but antipathetic to the fm curve. The curve e rises more 
rapidly than the al curve but it becomes sympathetic to fm curve at about 
si 1 12. The alk curve, on the other hand, rises only very gently. The fin 
curve is steep from si 81 to 110, the value of fin changing rapidly for a small 
variation in si, but it becomes flatter afterwards. 

The Niggli differentiation diagram does not give us an idea of the 
individual behaviour of soda and potash, or of magnesia which arc grouped 
together in the alk and fin values To study this, the values k and mg can 
be plotted, with k as abscissa and mg as ordinate The relationship between 
these two components during the progress of differentiation can be under¬ 
stood from Fig. 4. It is seen that there is comparatively little variation in k. 


"■a I 



M c e'l Q2 ~ os o4“ 

Fm 4 

k-mt ifttfram for the Cuddapah Traps 

the maximum being 0-16, while the mg values have a range of as much as 
0-39. The pointB occupy a small linear zone which is nearly vertical m 
position to the abscissa, this being found commonly in potash suites The 
reciprocal relationship which is characteristic of calc-alkaline suite » not 
clearly seen in the diagram. 

The normative mineral composition of a rock can be estimated from its 
Niggli values. When there is enough silica and when al is leas than the sum 
(«Jfc + c), the value 2 alk gives the proportion of the alkali-feldspars, 
lied — alk) that of the anorthite content, and (100 -2 of) that of the 
melanocratic (ferromagnestan) minerals. The sum of these three values is 
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always «jual to 100 and can be represented by a single point in a trdmear 
coordinate diagram ht which die three comm represent 100 per cent of the 
three value*. 

When theae values are plotted on a trilinear co-ordinate diagram (Fig. 5). 
a dear idea is gained of the basicity of the rocks and also of die general trend 



of consolidation of the magma, which conforms to the theory of crystallisa¬ 
tion-differentiation, viz., the progressive enrichment in alkali feldspar. 

From die diagram the magma can be regarded as having followed three 
different lines of development during the evolution of die various types. 

1. The impoverishment in ferromagnesians with constant alkali- 

feldspars. 

2. The enrichment m alkali-feldspars with constant dark minerals. 

3 . The enrichment in alkali-feldspars With constant .anorthite content. 
From the point A the first trend operated and, during the progress'of 

this, the second and third courses have given rise to die other types. We 
cannot say definitely which type is die result of these two ddferentistjan 
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«s the points can be joined either way, but we can regard the types 
£ and D as resulting from the enrichment of alkali-feldspars with constant 
anorthite content Of these two, the type D has higher alkali-feldspars 
while E is richer in anorthite content 

The QLM-Dtagram 

The gLAf-diagram is very important in tracing the magmatic affinities 
of the rocks and the sequence of formation of the various types and also the 
order of crystallisation of the minerals composing the rocks As the role 
of quartz ib important m the formation of different rocks, the behaviour of 
quartz in the differentiation history can very well be followed in this diagram 

When the QLM values (Table V) of the Cuddapah magma types are 
plotted in the diagram (Fig. 6) prepared by Niggli (1938, Figs, la, 20 and 21), 
it is seen that all the points except A fall below the line PF (saturation line) 
and above PL in the area of ' Normal basalt ’ within the mam basalt field 
The point A, representing a pendotitic type falls outside the above field 
All the so-called ‘ primary basalts ’ of all parts of the world (such as tholeute, 
ophiohth, nonte, plateau-basalt and olivine-basalt) fall within the borders 
of ‘ Normal basalt \ 

Most petrologists now regard all igneous rocks as derived generally 
from a basaltic magma, though such a magma may not necessarily be con¬ 
sidered the starting point in all cases In this connection Bowen has written 
(p. 5, 1928) 

“ To Daly, in particular, we owe the demonstration, apparently satis¬ 
factory, that basaltic magma is a constant member of all these 
associations and that there is no essential difference in the basaltic 
magma of the various associations. Partly for this reason and 
partly on geologic grounds he considers that basaltic magma is 
the parental magma of all igneous-rock series, except certain pre- 
Cambrian rocks. The facts are not such as to enforce belief in the 
parental nature of basaltic magma but they are sufficiently definite 
that many petrologists now entertain the belief favourably and 
include'it m their general scheme of rock derivation In the present 
discussion the parental nature of basaltic magma is taken as a 
fundamental thesis and other rock-types are developed principally 

by fractional crystallisation. The reasons for preferring a 

thoroughly basic, presumably basaltic, parental magma are, how- 
ever, strong and will become apparent at the discussion proceeds.” 

Thus Bowen derives the various rock types from basic and basaltic 
magma, supported by his experiments on liquid melts m the laboratory. 
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To him crystal fractionation it the chief cause of Ac diversity of rocks. He 
believes that basaltic magma generally gives nse to quartzose late differentiates 
but under certain conditions a liquid deficient in silica may be filter-pressed 
before reaction with early-formed crystals such as pyroxenes; or die liquid 
may be rich in silica if filter-pressed during pentectic reaction, leaving behind 
feidspathoids. Daly, on the other hand, considers that ‘primary basalt’ 
magma is capable of giving nse to various rock-types but he attributes the 
formation of alkaline rocks primarily to the desilication of basaltic magma 
by wide-spread assimilation of limestones and calcareous sediments Thus 
both the authorities view the alkaline rocks as abnormal and derived under 
exceptional circumstances frOfn the * primary basaltic ’ magma. Contrary 
to the views of Bowen and Daly, W Q Kennedy (p. 256, 1933) basing his 
conclusions on the investigations of the authors of the Mull Memoir, says: 

“Study of individual rock bodies and regional magmatic provinces 
leads to the conclusion that there exist two great primary basalt 
magmas, the olivine-basalt type and the tholentic basalt type, each 
of which gives rise normally to its own particular line of descent. 
The former is the parent of the alkaline rock suite and the latter is 
the parent of the calc-alkaline suite as follows • 



Otiviae-Bnalt M«gma-Type-? 
Trechysnckaiie 
Trachyte 
PhonUle 


Parent 

-Tholentic Magma-Type 
Amleiitc 
Rhyolite 


There i* no evidence that either of these “primary’’ magmas 
is a derivative of the other nor can we point to any common 
parent from which they could have been derived... “Any 
such relationship is too far removed from the scope of the 
present investigation to merit discussion, and all that seems 
certain is that both types of basaltic magma have been available 
throughout geological history in immense amounts and over im¬ 
mense areas. We are justified, therefore, in regarding them, for 
the purposes of petrogencsis, as primary magmas.” 

Thus Kennedy maintains that a particular late differentiate is determined 
only by the nature of the primary magma and is not the result of the physico¬ 
chemical conditions obtained during solidification, 

Niggli (1938) prefers to assume two or even a Urger (yet limited) number 
of well-defined basaltic * Stammagmas ’ (“ Zwei odor emer kleinen Zahl 
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wohJdcflnkftcr hasaitucher Stammagroen," p 653, 1938) ft* the derivation 
rock-types of petrographic provinces. Niggli use* the terms * Ausgang* ’ 
* ’ instead of' primary magma ’ since there is a great variation 

the composition of the basic magma, as is shown by the large basaltic 
field in me CIAf-diagram (Fig. 6) 



Fw. 6 

QLM-Diagram of the CnddspH Tups 

Basing his observations on his molecular values, Niggli has found that 
the obvme-basalt or * plateau-basalt ’ type is essentially of nonnalgabbroid 
to homblenditisch and that the tholehtic type vanes from normalgabbro- 
dioritisch to miharaituch. He says that the theory of Kennedy holds often, 
but on a careful investigation one can observe all possible intermediate 
members in between these two types; as the chemical difference itself is 
relatively small, so that nonnalgabbroid types are found also in typical Pacific 
provinces and gabbrodiorituch in the Atlantic. On a comparison of the mole¬ 
cular values of thokiite and norite and of ‘ plateau-basalts ’ and tholehtes, 
and from the association of borabienditiacb and hornbfendeperidotftisch 
AS 
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type* with ‘ plateau-basalts ’ and tholeiites, he conclude# that tholeiite W#» 
derived from completely fluid magma# of hornblenditi#ch and hornblende* 
pcridotituch composition and that, a# the*e magma# give rise to hotoro- 
njorphpu# rock-type# with such monorainerabc rocks as amphibole picntc and 
homblendite which exhibit similar composition included m them, the further 
course of differentiation depends entirely upon the predetermined primary 
molecular constitution of the early formed crystals combined with the trend 
of diffusion. 

H Kuno (1937), after a chemical study of many basalts, quite different 
from that of Niggli, arrived at a similar conclusion (p. 208), namely, that 
“ these rocks are differentiates of more basic magmas by fractional crystallisa¬ 
tion ” and that “ the ultimate primary magma from which these rocks have 
been derived are supposed to have had the composition of an olivine-nch 
eucntc ” He expressed the general trend of differentiation of this primary 
eucrite magma in the following tentative scheme: 

Primiry Ollvme-eucrite magma 
Olivine-b* salt Magma-typo 


Mugearitei, Trachyaiidoaito, etc 
Trachytes and other acid alkaline rocks 


(Saturated Olivine-basalts, such 
as those of HawaJi and Iceland) 

Tholeutic Magma-Type 


Rhyolites 


Even though there is agreement between Niggli and Kuno in considering 
the plateau-basalts as derivatives from a more basic magma, Niggli conceives 
of a magma of ultrabesic composition while the ‘ primary magma ’ of Kuno 
is gabbroidal or nontic This latter according to Niggli is derived from a 
more basic magma; but the attractiveness of Kuno’s theory lies in considering 
the tholente type as the derivative of ohvine-basalt which is an amplification 
of the observations of Niggli 

In conceiving of the plateau and ohvine-basalt magmas as derived from 
liquid ultra-mafics, wc have to face the objection raised by Bowen. Bowen 
(1927 and 1928) denies the existence of peridotitic magma and conclude# 
that monomtneralic rocks such as dumte, anorthosite, etc, do not represent 
the compoiition of the magma from which they were formed but are accumu¬ 
lations of eajly-formed crystals which separated from the liquid by crystal 
fractionation. He supports his view by experimental work on liquid melts 
which that ultra-mafic magmas can be liquid only at prohibitively 

high temperature*. But C. N. Fenner (1938) and H H. Hess (1938) consider 
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that hyperftttiMe constituents would have a controlling effect on the tempe¬ 
rature. C. N Fenner states (p. 399, 1938) * 

“ This leads to the conclusion that, contrary to inferences reached in 
the theory of crystal fractionation, wholly liquid magmas of ultra- 
basic composition exist.” 

The views of Fenner and Hess may perhaps be verified in a few localities, 
but it may not follow that all pendotites represent direct product of solidi¬ 
fication from the magma of the same composition On the other hand, 
Bowen has clearly shown that certain pendotites are the result of accumula¬ 
tions of early-formed crystals from a basaltic or nontic magma In the 
case of the pendotites of Skye he pointed out that the chilled marginal facies 
Of the ultra-mafles carried phenocrysts of olivine in a fine-grained basaltic 
matrix, indicating that the core is the result of accumulations of early crystals 
from which the residual liquid was filter-pressed. We should, therefore, 
look for positive proof m the field regarding the origin of such types as the 
trap from which the (analysed) specimen A was collected. In this connection 
it may be Worth noting that C S. Fox (quoted by A. L Coulson, p 150, 
1934) describing the occurrence and field relations of this trap, states 
“ The ndge (west of Puhvendla Inspection Bungalow) appears to consist 
of a composite silt (three separate sills) of dolentc, the middle one, 
a dark, coarse, scoriaceous-weathering rock being rich in olivine, 
while the layers above and below it are dolentes without olivine ’’ 
A L Coulson comments thus on the statement of Fox. 

“ These observations of Dr Fox have great interest and deserve ampli¬ 
fication The author collected specimens of the sill which bear 
out Dr. Fox’s remarks Thus the uppermost part of the sill is best 
described as a quartz-dolerite It is very similar to a specimen 
of what is undoubtedly the same sill collected near the 38th mile¬ 
post on the Cuddapah-Pulivendla road, li miles WNW of Vemula.” 
•• The central portion of the sill is very basic and contains abundant 
augite. olivine, (’) hypersthene, serpentine, a little feldspar, iron-ore 
and brown mica. It is a picnte It also has its counterpart w a 
similar specimen collected near Vemula. 

The lowest portion of the compound sill is intermediate in basicity 
between the uppermost and central parts, being best described as 
a dolerite.” 

From ha own field and laboratory studies the present writer if quite in 
agreement with the above description. The upper and lower dolerites do 
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not appear to be the border facie* formed a* the result of filter pressing of 
the residual liquid, nor do they contain any olivine phenocrysts to warrant 
such an assumption; but they do represent quite separate phases of intrusion. 
It is suggested, therefore, that type A represents the primary magma of the 
composition of picrite from which other types were possibly differentiated. 

In Fig. 6 h shown the mam basalt field in which are distinguished ‘ Normal 
basalt ’ and * alkali basalt * and a well marked area of calc-alkalme rocks. 
It can be seen that the major portion of the * Normal basalt ’ represented by 
thohnitc. optuohth and ‘ plateau-basalt" is occupied by calc-alkalme field. 
When the QLM values of the Cuddapah traps are plotted, it is seen that all 
the normal types occupy the region of ‘ Normal basalt ’ while A and I which 
am distinctly earlier in the differentiation series are found towards the side M. 
There is only one trend of differentiation, from picritic composition towards 
the calc-alkaline field at shown below 

Pfcnte fhornWeodeperidcrtitiach) 

| (rt-pyroxenitisch 

dotorlts* normilgibbrotd or c-g»bbroid) 
quartz dolaritM (normiljibbrodlorttlKh or mihursMsch) 
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The kir-Diagram 

The same trend of differentiation is also indicated when we study the 
interrelation between the three Basis molecules Kp, Ne and Cal. which is 
brought about by k and « values themselves, on a triangular diagram whose 
comers are Kp, Ne and Cal, in which the three generalised diagram* con¬ 
structed by Niggli (Figs. 2b, 3 b and 4 b, 1938) for the three petrographic suites 
are included in a simplified form. When k and w values for the Cuddapah 
traps are plotted m the diagram (Fig. 7) it is seen that except for the points 
t> and I all the others fall within the field of the Pacific suite. 

It is evident from these studies that the Cuddapah intrusive belong* to 
the cak-alkaline suite. 

Summary and Conclusion 

The traps of Cuddapah age mark an important period of volcanic activity 
later in age than the Dbarwars and probably earlier than the Cambrian 
The chief character that distinguishes the Cuddapah traps from those of 
Dbarwar age is the marked freedom of the former from metamorphism as 
the Peninsula was free from major ear* movements after their intrusion 
In the present work an attempt is made to study the petrography and 
petrochemistry of these basic rocks collected from several sills intrusive into 
the Vempalle limestones and the Tadpatri shales in the Ceded district* 
These trap rocks are composed of colourless, non-pleochroic pyroxenes 
and labradorite feld span with sub-ophitic to dolentic textural relationship 
between these two minerals indicating that they crystallised more or leu 
simultaneously This is also confirmed by the /(norm) values. The 
pyroxenes belong mostly to the monoclinic variety, augite, the other mono- 
clinic pyroxene, pigeonite bong rare or absent; m the olivine-bearing types 
there is also the rhombic pyroxene, enstatitc. The optic axial angle of the 
augite vanes from 56° to 40° and the extinction angle from 46° to 36° The 
enstatite is optically negative (2V - - 83* ± 2°) and is rich in magnesium 
The Cuddapah traps, the Newer dolentes and the Gwalior traps are 
to each other hi their pyroxenes being mainly augite with a large 
optic axial angle. They differ from the Deccan traps, the Karroo dolentes, 
the Whin Sill and the New Jersey diabases in the absence of pigeonite which 
characterises those rocks. The average composition of the plagiocltse, 
from both Universal Stage determinations and chemical analyses 
is found to tangs from bytownite with 75 per cent, anorthite to oiigodaac 
at andfesme of 30 per ont. aaortkite with a mean value of about 55 per cent, 
anorthite. 
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Prom a study of the analyses, s»x distinct magma-types (Niggli’s) have 
;r recognised' 

1 Melagabbrodiori tisch 

2 Miharaitisch 

3. Normalgabbfoid 

4. e-gabbroid 

5. s/-pyroxenitisch 

6 Homblendependotitiach. 


Petrochemical studies, using Prof. Niggli’s methods, show that the rock* 
are basaltic m nature with only a limited range of differentiation. The 
differentiation diagram based on the Niggh molecular values, QLM values 
and for values show that the Cuddapah magma belongs to the ‘Normal 
basalt ‘ of Niggli (•= Tholeute type) and that the trend of differentiation is 
similar to that of the calc-alkahne suite of rocks 

These conclusions are only of a limited validity as the number of speci¬ 
mens analysed 11 small. As these traps occur extensively and over large 
areas, there is scope for the extensive collection and study of much material 
which will lead to a wider understanding of the nature and history of there 
rocks 
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CHEMICAL EXAMINATION OF THE FRUITS OF 

TERMINAUA BELERICA ROXB. 

Part II. The Component Clycerides of the Petty Oil 
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{THE component glycerides of the seed oil of Temtnalia Merica have been 
examin ed The amounts of oleic, linoleic, palmitic and stearic acids have 
been found tp be in fair agreement with those reported* in Part I. Uto 
component glycerides of the oil are Palmitooleolinolein 35-24%, Steano- 
oleolinolem 43 51%, Palmitodiolem 1 07%, Stearodiolein 1 95%. Dioteoftw- 
lein 9-54% and Tnoleln 8-69% ] 

Jn a previous communication, 1 the percentage composition of the com¬ 
ponent fatty acids of the oil from the kernels of the fruit of TemtnaHa 
Merica (natural order Combretacea) has been reported by Saran and Singh; 
the present work is in continuation of it and deals with the glyceride structure 
of the oil. A few other species of Termtnalta have also been examined for 
the composition of seed oil, namely, T catappa from East Indies* and West 
Africa* and T chebula * The major component acids of these oils are oleic, 
ttnoleic and palmitic, stearic and being present m only minor proportions. 
Use fatty acid composition of T. beltrica as found directly by Saran and 
Singh is in fair agreement with that determined from the glyceride compo¬ 
sition of the oil as shown below: 


| Oleu. 

| Lmoloic 

| Pultutle 

Stearic 

6*r*n SQd Slash (direct drtennlntllon) 

, 43 21* 

28 90* 

H-80* 

16 00* 

Protect author! (Slyctrtde ttrtctare) 

43*08 A 

29 M* 

11 »* 

14*48* 


It win be thus aeon that oieic and tinoleic acids are the major compo¬ 
nent! of aH Termtnalta species, the amount ranging between 56 to 84% 
There is, however, this difference that whereas stearic add is present only 
hi minor proportions and is not a major component in other species of 
WmMla so far investigated, it becomes a major component (over 15%) 
along with palmitic acid (over U # /Q in Jhe seed Oil of T. bekrie*. 
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The number of glyceride* present in the seed oil of T btlerica it found 
to be six, whereat the total number of glyceride* which can be formed from 
fait add* and the glyceryi radical, CH,—GM—CH„ a forty. 

ExnUMBNTAL 

The oil extracted from the crushed kernels of the fruit of T. btlerica 
with petroleum ether (40*-d0°) was purified with arnmal charcoal and 
puUcr’j earth, dried over fused calcium chloride, neutralised with sodium 
carbonate and filtered. 

One hundred grams of the oil was chilled*-* in the frigidaire with six 
weight of pure and dry acetone for a week. No solid separated 
Showing the absence of trisatuiated and disaturated-monounsaturated 
glyce rides The experiment was repeated twice with each of the following 
samples of the oil:— 

(«) Freshly extracted and purified oil, (A) about one year old oil, and 
(c) sample of oil used by Saran and Singh, but in no case any solid glyccnde 
The absence of trisaturated glyccnde was further confirmed 
by rek tis mt the oil dissolved in pure and dry acetone with powdered 
potassium permanganate.’ 

One hundred grams of the oil was bronunated*-* in ten time* it# weight 
of dry petroleum ether (40°-b0°) at - 5° C. till the brown colour persisted. 
It was kept in die fhgjdaire overnight. No solid separated. Excess of 
bromine was destroyed with sodium thiosulphate solution, washed, dried 
over fused calcium chloride and the solvent distilled off. The viscous residue 
was extracted with absolute alcohol, absolute alcohol + acetone (1:1), 
methyl alcohol + acetone (1:1) and acetone in succession. 

The scheme of separation is given below 


Neutral Oil (100 pn.) (BromuuUed in dry petroleum ethor) 

iMotali* (ml) Soluble (mccm of bromine destroyed, 

1 ; washed, drtod * solventdistffleSotf 

_ Extracted with absolute alcohol) 

[extracted with abeol ute slcohai + acstons (t 1)1 Solub le F, (JS-3 *m.) 

bsetubtf [ext racted with methyl alcohol + acetone (1 ; 1)1 Solu ble F, (7* I $n.) 

Iswotubie (ext racted with toeloop _SoluMe F, (5 » gm.) 

iaaotukl, (pa) AH sotvbta F 4 (45*4 pa) 

The fractions F„ Ft, F, and F, were debromnuted by taking them, in 
methyl alcohol, adding rise dust, saturating with dry hydrogen chloride gat 
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aad heating for several hours undo reflux tn the water-bath. The brominsted 
products were saponified, the unssponiflaWe nutter removed and the mixed 
fcty acids liberated. Tim quantity of individual acids in each fraction was 
estimated by determining their saponification equivalent and iodine and 
thJocyanogen values. The quantities of saturated acids being too small 
in these fractions for estimating them separately, they were considered as 
one add and their mean molecular weight determined on extracting with 
pffiolwim ether (40°-60*). the oxidation products of each fraction with 
alkaline potassium permanganate. 1 * The glyceride structure was calculated 
with these data as given below in Tables I to VI. 



Table II. Weight % of acids in different fractions 
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Tabu* fV. Mol % <jf mkh fer a'tf'W**/ frmttmt 



J. By chHIln* <Jtw MlKrtl «1 dtMatvM in pot* u* dry »ce*on* •* 0* C 
3 A 4 By cafcolAtini from tb* component _f»tty ickti of the brombuted gtycende In 
the oil 


All the saturated acid* have been oonudered a* one acid m the cafcula- 
of rtKmosaWrsted-dhinia tart ted glycerkU*. According to the law of 


diatnbutk* we are jutt&ed 


firr im ri that the greater proportion 


of glyceride* exist a* monomturated oleolinolein rather than monoiatun 
dioiein and moRowturated-dilinokdn. Further it has been auumed that 
•oUd add* are proportionally div&bd is flHferent Jlyeeride*. From 


era 
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above considerations the probable glyceride structure may be given as: 
Palmitooleolinolein 35-24%, Stearooleohnolein 43 51%; Palmitodiolem 1-07, 
Stearodiolein 1-95%, Dtoleolmolem 9-54% and Triolein 8-69% 
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